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Ill'fRODUCTIOlf
The purpose of this paper is to attempt an etiological survey of the subject of obesity with some attempt
to correlate and classify this material.

Most consider-

ation will be given to the auestion of metabolism for obesity represents a disease, or more accurately, a disorder of metabolism.

~~etabolism

is not accurately represent-

ed by the determination of the basal metabolic rate, the
respiratory rate, the specific dynamic action and so forth
because all these determinations depend on various

calcu~

lations .from respiratory gas exchange tests •. These tests,
though helpful, ,may be considered as no more and no less
than an indication of metabolism.
broader term.
.fil!!!l

Metabolism is a much

The definition of metabolism includes the

total of all the building up (anabolic) and the tear-

ing down (ka.tabolic) processes.occurring continually in
our bodies.
Thus any consideration of metabolism must depend not
only on basal metabolic rate determinations, but also include such factors as appetite, hereditary influences and
the role played by endocrine balance.
concept it is

obvious~·

According to this

that obesity is a disease of metab-

olism, and it matters not whether that inbalance in metabolism is the result of preverted appetite or preverted
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endocrine ba1ance.

As _DuBois ·(31) points out that obese

persons are often lazy and strongly addicted to habits
of overeating.

Are not these very factors of laziness

and self indulgence inborn tendencies dep·endent on heredl!tf:,' and emotional balance.
In this paper, also, the author will make some attempt to classify obesity.

In most of the references,

the questions of classification are carefully avoided.
It seems to this author that classificetion is the most
important part in the study or any disease.

Even a temp-

orary classification based on very incomplete
is better than none at all.

lmowle~e

In this paper, then, as

many as possible of the various methods of classific•
ation will be presented.
In outlining the scope of this work, it is the
author's intention to include

~

short section on defin-

ition and standards, a short chapter on the

chemistry~:

of normal fat metabolism, before undertaking a discussion. of the etiology and the metabolism of obesity.
These last two sections are naturally very closely related.

The author has had to arbitrarily

~ay

that this

factor belongs under· metabolism and that factor under
etiology.

Obviously a decreased metabolic rate could

be considered as an etiological factor.

As the writing

3

int.roduq,tion
progressed, the author found that it was impossible to
establish a ·clear cut distinction between the two chapters.

Conse~uently,

the metabolic factors important in

the etiology of obesity are listed briefly under the
chapter on etiology and the experimental proof both pro
and con are-presented in the chapter on metabolism. The
important question of treatment has been omitted entirely 'from this paper.

It ·is ho'ped that this omission may

not be construed to minimize its importance.

A line

must be drawn someplace according to the time available,
and treatment was the most easy to eliminate because it
is the least correlated with etiology and metabolism.
The present work represents a review of literary
material only.

!fuch of this was selected from the

Quarterly Cummulative Index Medicus of tlie American Medical Association.

To a lesser

~xtent,

material was ob-

tained from other reference lists and bibliographies.
Numerous books on the sub.]ect were also consulted in
a further attempt to make as complete a survey as time
would permit.

The bibliography includes only such re-

ferences as were available from the Library of the College of Medicine, tTniversity of Nebraska, Omaha.

Much

of the literature in foreign languages was necessarily
excluded because of an inability to translate it, though

j
'I

I

I
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wherever possible abstracts and translations were used.
When translations ·were not available, foreign references
of sufficient importance were included and·due credit
given in the

biblio~raphy

to the source from which they

were cited.
The author wishes to express his appreciation to
the librarian and: her staff for their kind assistance
in

findin~

many of the references, and to Dr. E. J.

Kirk for his helpful advice and suggestions.
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DEFINITION AND STANDARDS

Obesity comes from the English root obese which is
derived from the Latin word "obesus" meaning to devour.·
Dorland (29) has defined it as uan excessive accumulation of fat in the body • 11

Re distinguishes between a

hyperplasmic type, which consists of an increase in the
body protoplasm only, and a hypoplasmic type, which is
characterized by a decrease in body protoplasm in addition to an increase in fat.

This seems to imply that

obesity may be either protoplasmic or adipose in nature
so as to inc.lude any condition of overweight, but that
when fatty in nature is associated with hypopl.asmia of
the body protoplasm.

Dorland lists corpulence and fat-

ness as synonymous with obesity.

We shall include ad-

iposity, stoutness, overweight, and overnutrition as
synonyms.
The difficulty with this definition lies in the
word uexcessive."

As Graefe (45) points out that ob-

esity should not be confused with overweightness.

Ob-

esity is too often diagnosed as the result of a calculation of a weight that is in excess of normal standards.

Obesity is a disease.

It represents a function-

al disturbance characterized by superflous fat deposits.
It does not matter theoretically or practically whether

-

- - - -

--------------
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the surplus weight is great or small.

Lambie (65) _also

believes that the word excessive should be interpretted
as a pathological entity which interferes with functional activity.

He points out that too often physicians

are tricked into accepting artificial criteria for obesity.

These are determined by individual taste and the

dictates of fashion.

Obesity does· not occur until fat

depos.ition reaches a point where it interferes with
functional activity.

A person may be said to be too

fat, if the adiposity results in distress or discomfort,
impairs the sense of well being or diminishes the capacity to enjoy

life~

Ultimately, the obesity may em-

barass the heart and respiration and diminish the patient's resietance to disease, and so be a menance to
life.

The normal

random statistics.

wei~ht

standards depend.too much on

The normal _weight for any .indivi-

dual should depend on the type of physical make up to
which the patient belongs.
MeLester (79) has attempted to set up a normal
minimum limit for the word excessive.

He says that

the exact point at which obesity begins is hard to define but as a general rule, it can be said that a figure which is from 10 to 15( above the fixed standard
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can be regarded as normal, while one that is 25% or more
-.

above this standard represents obesity.

,_

There are be-

tween these two figures, however, grades of overweightness which under some circumstances can be regarded as
normal, and under others as abnormal.

For instance, in

heart disease, nephritis, or gout, a body weight which
exceeds the normal by as much as 10% is excessive and
therefore constitutes obesity.
McLester (79) also believes that a slight increase
in weight with age is physiological.

At the age 35, a

gain of ten pounds, and at age 50, a further gain of
10 to 20 pounds ts -to be expected because of its con-

stant occurrence.

He presents a formula which approx-

imately expresses such a physiological gain.
Normal weight (kg.)
Although weight gain in

•

Height (cm.)

ad~lts

- 100

is assumed to be

normal in standard tables based on insurance statistics,
Lambie (65) does not believe these are proper criteria
from which to judge normal weight.

He suggests the

following formula.
Males

Normal weight (lbs.)=

110 lbs
5 ft.

I:

5.5 lbs

Additional
inches of
height
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Females
Normal Weight (lbs) •

110 lbs

5 f't

+

lbs
Additional
inches of
height
~.o

.Lambie believes that the results calculated from
these formulae should be expressed as a ratio:
Actutl Weight
Ideal

Weight

The normal ratio lies between l and 1.1.
1.1 and 1.25 represent slight obesity.
moderate obesity.

Values between
1.25 to 1.50 is

Over 1.50 represent marked obesity.

Poulton (92) cites the formula of K. Flack (Biometrica 14/316/1922) for both sex-es.
Normal Wt. (Kg.) : 0.408 x Ht. (cm)-+0.693
x Stem length (cm)+70.213
Dreyer (30) has considered body build of adults
up to 50 years of age without reference to age on the
basis of four measurements; hefght, sitting or stem
length, chest girth, and vital capacity; each expressed
by formulae in terms of the other and tabulated in tables
to eliminate calculation for the determination of normal
weights of each sex.

Powever, the 1925 report of the

Committee on Dreyer Measurements in relation to Life
Insurance Underwriting Practice for the Association of
Life Insurance Medical Directors {102) revealed that the
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Dreyer standards were inaccurate.

They reported them

as unsafe criteria for jlldging overweight risks because
many of Dreyer's normals were distinctly abnormal according to insurance standards.
Obesity may also be defined on a qualitative basis.
Rony (95) believes that obesity may exist without overweight because of a restricted diet.

He designates this

as "masked" obesity, and he explains 1t as·an inherent
obese tendency, which will become manifest whenever
dietary restrictions are removed.

He also describes

"pseudo" obesity due to overfeeding and limi tat1on of
exercise.

These individuals become thin again as soon

as the overfeeding is stopped.
term "pseudo'' obesity.

Kisch (61) also uses the

He says that some patients pre-

sent the aopeara.nce of obesity with an enlarged abdomen.
This is due to a sympathetieotopic inhibition of the
movements of the bowels.
From the above, it may be seen that obesity should
be defined as an excess percentage of fat deposit1on'1n
the body, but from .a practical standpoint, the total
body weight is the only clinical means of determining
the

prescence~of

.obesity.

Graefe (45) indicates that

tho11gh obesity passes as .a disease of ·metabolism, it

should really be called a. disease.of overnutrition_,

10

NORMAL FAT KB'fABOLISll
To understand why one _person is of normal weight,
another fat and a third lean, we must be familiar with
some of the more important chemical processes occurring
during the metabolism of the body.

Therefore, we must

consider the metabolism of fat in the normal person.
Fat Distribution
In the healthy human being of normal weight, approximately one sixth of that weight is fat stored as
reserve material for a supply of energy to be called
upon in case of need.

.

Barker (2) says that a normal

man weighing 70 kilograms will contain 12 kilograms
of fat.

Of this 9 kilograms will_be stored in certain

reserve areas or depots, thus preserving a potential
combustion value of 80,000 calories or enough to cover
the total energy reauirements Qf the body for about a
month.

The normal depots of rat storage lie in the con-

nective tissues of the trunk and the extremities, esp~cially

in the subcutaneous tissues.

The distribution

of the stored fat varies somewhat with sex and 1nd1viduals.

In males, the fat tends to be deposited in the

subcutaneous tissue of the neck and of the abdomlnal
wall.

In femal-es, the breasts, abdomen, buttocks, and

thighs are the sites of predilection ror fat storage.

r
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Posture, also, is important.

Kerr (60) points out that

round shouldered individuals tend to store fat on the
abdominal wall; women wearing high heels tend to store
fat on the buttocks.

Fat is also deposited in small

amounts in the heart, kidney, muscles and liver.
Ingestion and Storage
The sources of body fat are the fat ingested in the
diet and the fat derived from the metabolism of excess
carbohydrate and stored as fat.

Of these, transform-

ation of' carbohydrate is the most important.

Lambie (66)

says two thirds of the food ingeRted is carbohydrate.
The fats ingested are broken down into fatty acids
and glycerol by the ferment lipase.

'l'he most common

fa tty acids ingested into the body are the triglycerides
of oleic, palmitic, and stearic acid.

When united with

glycerol, to form triglycerides., the fatty acids are
called neutral fats.

Bloor (12) says it seem probable

that the fats ingested, on absorption by the- intestinal
epithelium, are split by lipase ferment from the pancreas
and tre intestinal wall into fatty acids and glycerol.
While in the ·intestinal wall these substances are again
resynthesized to form neutral fat.

The mechanism of

this action is unknown, but it seem likely that lipase
has a reverse action in that it can either split up

12
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or synthesize neutral fat.

Once absorbed, this fat

is

absorbed by the lacteals and carried to the lymphatics
of the intestine, then to the thoracic duct, .and finally
to the blood stream.
Following the ingestion of fat, there is a rise
in the blood l·ipoid content.

Rony and Levy (98) cal-

led this alimentary 11pem1a.

These authors report that

after the ingestion of one pint of 20% cream, the peak
of the blood lipoid curve is

rea~hed

in about 3-5 hours.

Josl.1m:·:(57) reports that the lowest fasting level is

120 mg~, the highest normal value after fat ingestion

is 230 mg%.

Bloor (12) believes, s.ince the liver is trie only
organ loa4ed with fat during absorption of this foodstuff and since·the fatty acids of this fat are found
to be of the same degree·of saturation as those of the
blood fat;

th~t

this organ is the site of the desatur-

ation of the neutral fat of the blood.

Tissue f'at an-

alysis has shown that it possesses a higher degree of'
unsaturation than does depot fat.
undergone phosphorization.

Tissue fat also has

Bloor (12) believes these

processes occur almost wholly in the liver.

This fat

is then deposited as complex cellular 11po1ds in the
active tissues of the body (Heart, liver, kidney, muscle).

---~------------------------------
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Most of this is stored as prospholipids, but also as cholesterol and others.

Bloor (12) called this type of de-

posited fat "active tissue complex cellular lipoid. 11
Maximow (77) says that there is also a masked or bound·
fat which is part of living protoplasm.

It cannot be

demonstrated microscopically but may be extracted chemically.
Regarding the storage of fat in the depots, Bloor
( 12) says that the fat mu st be deposited in some relationsrip with lecithin and cholesterol.

As evidence for

this view, he points out that lipase, the only ferment
capable of hydrolysing neutral fat of the higher series,
is found only in the intestine and pancreas.

Renee re-

synthesized neutral fat in the blood stream cannot be
hydrolyzed by the tissues without undergoing some change.
He believes that because of the coincident rises of lecithin and cholesterol with fat in the blood after a meal
these substances must therefore take nart in the metabolism as fat.

Probably most of this fat is transformed

into lecithin esterases.
In addition to unsaturation and taking on of phosphorous, the fatty acids are said by Musser (83) to
bear a similar correspondence to the selection of amino
acids for body protein in the building of body fat.

In

r
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In this conriect1on, Bloor (12) states that with a choice
of food, the.· organism builds a depot fat characteristic
of its species,· but on a diet of

sel.ect~d

animal fat,

the same is stored unchanged in the fat depots of the
bodj-;

However in poisoning,· a mobilization of the fat

occurs to the liver, where the fat is then converted
to the type characteristic of the species.
Lambie (66) says that when depot fat is mobilized,
this fat is age.in broken down into fatty acids and glycerol which are then resynthesized into neutral fat in
the blood stream.

This is essentially what hanpens in

the absorption'"'Of food fat from the intestine.

Joslin.

(57), however, says that depot fat is transported to

the liver by lecithin and cephalin in the form of fatty
acids.

There is is desaturated and thus prepared for

use in the body.
Regarding the conversion of carbohydrate to depot
fat, Lambie (66) says that the glucose is synthesized ·
to fat by the condensation of three molecules of glucose
to form fatty acid which unites with glycerol to form
~at.

Protein normally becomes fat only to a small ex-

tent from the intermediary protein metabolism of glutogenic amino acids which are changed to carbohydrate
form of triose to form hexose •

This is less readily

r

aa::u:a
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accomplished than its conversion into glycogen from which
the glucose is then formed.
Utilization .Q! !,!i

~

Energy

Graefe (45) states that fat deposits serve three
purposes; aid in heat regulation, anchor organs, and
protect deep seated vital organs from mechanical injury.
We might also add that fat serves as a source of nutriDuSois (31) says depot fat represents

tive material.

the one perfect foodstuff for human consumption.
In spite of the rather uncertain mechanism of fat
transportation and deposition in the body, the manner
of actual oxidation of the fat to produce energy is better understood.
Dr.

Following are t11e formulae given by

in his lectures explaining the mechanism

Jt.~orgulis

for the combustion of fat.
CH 3 - (C 1-1
By

Be.tQ.

A..

) I i , - c \.I ~
y

- f C 1-1 :z.. )
3

'

c. f-L,. - .c o o 1-1

2.,

·

·._P_,.-

Ol<.1d~+1·0..-.

C 1-1

----7

~·~ H · 1 -

[o] )

~

"to

'~

-

c

1:1 "1

-

c.

H~ - c o o 1-1

t. H;, - C ~ .. - c H.._ - c..001-1
Bui-y1\c.

1-\c..(c{

-t-

C O-..

+

1-L" 0
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'
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Bloor (12) states that the breaking down of fatty
acids at the beta position involving two carbon atoms
at a time is probable because most fat have been found
to contain fatty acids with an even number of carbon
atoms.

He says the probability is even further increas-

ed because fats may be built up from carbohydrate through
lactic acid, acetaldehyde, beta hydroxy

butyri~

alde-

hyde, anf finally, by simultaneous oxidation and reduction, to butyric acid.

This process is repeated over

and over until a long chain acid or fatty acid is built
up.

It is also well known that for the complete oxid-

ation of fatty acids to carbon dioxide and water, the
oxidation of carbohydrate is essential, so that actually
as has been said, "Fats burn in the flame of carbohydrate."
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The heat value of one gram of fat, according to
Rubner {100) is 9.3 calories.

Rubner proved. that food

oxidized in the body gave off the same amount of heat
per unit surface. · Graefe (45) adds that all food stuffs
are represented in nutrition in accordance with their
caloric value whether they are der1 ved from the diet or

from substances of the body.

r
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Obesity may be said to always be due to overfeeding:; in th1 s connection overfeeding stands f'or an excess of' nutritional calories above the amount actually
required.

It does not matter whether the requirement is

·normal, increased, or decreased •. The body may be compared to an automatic furnace which burns up only the
calories needed to supply the body with energy.

The ex-

cess calories ingested are stored -principally as fat.
The problem of the etiology of obesity, however, is
not as simple as the above statement would indicate.

Were

it true, we might assume that al.l there _is t-0 the question
of obesity is the determination of how much in excess the
intake is over the outgo.

The feature of modern civili-

zation may be said.to be excess nutrition.

Food suppl.lea

have been steadily decreased by these same machines.

Why

then·do·we not all get fat? ·Only a small percentage of
the population show any marked degree of obesity.

Yet.all

of us const11De in. a single day nearly twice as much energy
as food as we expend as work.
,The problem of obesity then is the determination of
what -factors
-

.

positive~

.

,,

fa~rid

to
'

at low thef en-argy balance 'to become
.

··In ;this section as well as in· the following

section on metabolism an attempt will be made to answer
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this auest1on.
This section will include a discussion of the predisposing factors, a presentation of the question as to
the exogenous or endogenous nature of obesity, and a detailed study of the factors contributing to development
of both of these types of obesity.
Predisposing Factors

There are times in the life of an individual when
obesity is most likely to develop.

Age is not the funda-

mental cause; endocrine activity, food intake in response
to growth demands, variation in activity, mode of living,
and many other conditions decide whether or not one is to
be obese at a certain age.
Dunlop and

Murr~y

(34) in the report of 523 cases of

obesity f.ound that in females the onset of obesity was
mostly between twenty to forty years (average thirty),
and in males the onset was between forty and fifty years
(average forty-two).

Preble (93) gives the following

table for the onset of obesity.
A o.e.

0-20

2..1-30

Men

I

11

\.Jo"'e"

7

G.5""

I '18

l.38

T o-t~I

II

7r..

231

3 '7 3

J 1-'fO

53

'fl-60
85"

51-'{J'

<ol- 70

,.,,_

To-t-.. 1 '"

(,,8

I fi'

8'

I '1'4
2.4'f

"'.l.

10

'7Sb

'ifO

18

1000

1Lf.'/-
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Christie (23) classifies obesity in respect to age.
In infants the Obesity seen is mostly of the exogenous
nature.

An excessive allowance of starch and sugar in

certain proprietary foods results in some bottle-fed
babies.

Some mothers have milk that seems to be par•·

ticularly rich, and their babies often become obese.

En-

degenous obesity due to a hypothyroid condition (cretinism) must always be ruled out.

The growing child, like

other growing young animals, is seldom fat.

The child

requires about 3,500 calories where the adult needs only
2,500 calories.
exercise.

The growing child also takes plenty of

Nevertheless, obesity does sometimes occur

and is most frequent around the time of puberty.

Christie

(23) says that roughly about three percent of the boys
become stouter at this time and a slightly higher percentage of the girls.

About fifty_percent of these belong to

the endogenous group and show signs of a pituitary or
thyro-pituitary defect.

The others are corpulent with-

out altering their daily habits or without treatment.
There are two periods in a man's life when he tends
to gain weight.

Christie (23)

~tates

that men become

fat when they give. up athletic
lives to enter business,
.
~

perhaps to marry and start a home of their own; or when,
after attaining worldly prosperity, they begin to "ease

21
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A decrease in activity is not followed by a de-

off."

crease in

at$e~tte.

In women, there are three periods when they tend
to gain weight:- (1) immediately after growth has
stopped, (2) after
pause.

child~bearing,

and (3) at the meno-

All these ages are associated with the physio-

logical alteration of the ovaries.
Race
Obesity is observed more frequently in certain races
than in others.

Joslin (56) points out that both obesity

and diabetes are more common in the Jewish race.

However,

this factor may be explained on the different dietary
habits rather than. by any racial peculiarity.

Natives of

countries where the food supply is intermittent often
store up a reserve of· fat to live on when food supplies
are low.

Some tribes of Central Africa swing annually

from the extreme of corpulence to excessive leanness.
Uncle Sam, lean and gaunt, no longer typifies the American
citizen who has assumed, as the result of prosperity, more
John Bull-like proportions.

The corpulent German of pre-

war d!l.ys had disapneared by 1918.
Race, however, is not the deciding factor in obesity.
Environment and habit are much more important.

22
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Climate
Climate plays a part very similar to that played by
race.

It is a matter of environment.

In the temperate

zone most people lose weight in.the summer and gain weight
in the winter.

This may be due to nature accommodating

the body to external conditions; but, more likely, the
warmth and quietness of indoor life during the winter
months help to increase

wei~ht,

while the outdoor ex-

(frOite in warm months tends to lose a person's weight.
Also, summer weather is not as likely to induce a hearty
appetite as in winter weather.
Occupation
Christie (23) points out that the civilized life of
today is a very unnatural one.

The whole method of earn-

ing one's living has changed in recent years.

This is an

age of intensive industry; but it is mechanized.

The fire-

man of the modern ship feeds his furnace by turning on the
tap of an oil spray; whereas, his· predecessor had to feed
hi a boilers by shoveling coal.

Labor in many factories is

merely the controlling of an automatic device.

Elevators

have been installed in public buildings to save muscular
effort.

Brains have replaced brawn, but intellectual

activity does not burn calories.

An individual's occu-

pation must be granted a large part in the production of
corpulence.

r
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Attention is often called to brewers, inn-keepers,
bakers, and butchers

a:S

examplesof people who become

fat because of great· calorie intake.

Silver and Bauer

(103), however, were unable to. establish any relation-

ship between occupation and obesity.

They say ·that 1f'

occupation were important as an etiological factor, all
sedentary workers would be fat and all laborers thin.•
However, the clerk who is "nothing bu.'t skin and bones" is
too well known to make it necessary to insist upon the
lack of correlation between occupation and obesity.

But,

we must also consider the "starvation w..-,i• of many clerks
in this connection.
Se;;t
The relationship of sex to obesity bas.been discus.sad under the section on age.
found that of 523 cases of

Dunlop and Murray (34)

obe~ity,

489 were females.

Preble (93) in one thousand cases found 756.were females.
Wilder (124) has

8.ll

interesting theory regarding the high-

er incidence of obesity in fE!males.

"We may witness here

to an adaptation for race survival acquired in the struggle
for existence in the nebulous time of the beginning ·of
homo sapiens when li·ving conditions were precarious,· and
the young required the continuous presence of the mother.
It may be pres&ied that the pithecanthropic male took the
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responsibilities of fatherhood relatively lightly, foraged mainly for himself and found his food with reasonable
regularity.
by

~er

The female, on the other hand, was

con~ined

offspring to her cave and must have to endure long

periods of fasting.

The ability to store food-as body

fat was for her a singular asset, the utility of which
many of her present day descendants are little prepared
to appreciate."
Temperament
~e

(45) points out the easy going nature of the

obese person who is inclined not to be -worried by his
environment and who tends to avoid all excessive exercise.
Christie (23) notes the pbtegmatie personality of the obese
with a tendency to spare muscular· movements.;

The economy

of effort practiced by the obese is apparent to all.
.
.
Newburgh ( 84) and Harring·t.on ( 50) ~ on the other hand,
believe that this-easy going personality has nothing to do
with the development of obesity.

Rather, the obese usually

exhibit an emotional, nervous, highly excitable type of
personality.

These people

obtain relief from nervous

tension states by the nibbling of food much as others obtain relief by smoking.

Harrington (50) cites the ex-

ample of a girl who had lost weight by reducing but had
gained .it all back when she was thrust into the emotional
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stress .and strain of nursing her mother. through a serious
'

illness.

'

In the words of this patient,

'~I,

sometimes,

feel so nervous, I just have to eat. n
Posture
Kerr (60) noted in studying the postures of seven
hundred Harvard.freshmen that there were four types of
bodily posture.
Group

A---7.5~---Head

straight above chest, hips,
and feet. Chest up and forward.
Abdomen flat.

Group B-12 .5%---Head too far .forward •.·Chest not
so well up and forward. Abdomen
flat.
Group C--55.0%---Head forward. Chest flat. Abdomen relaxed and forward. Back
curves e·xaggerated.
Group D--25.0%--IIead still further forward on the
chest. Chest still fatter. Abdomen
completely relaxed. Back curves
exaggerated.to the extreme.
Young indi.viduals of Groups D and 0 were prone to
develop obesity especially of the abdomen later in middle
life.
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Exogenous

n

Endogenous. Theories .Q.! Obesity

Obesity is always due to overfeeding; in this connection overfeeding stands for an excess. of

~utritional

calories above the amount actuallv reauired.

It does

not matter whether the requirement is normal or increased.
There is no sense in comparing the requirements of one
individual with .another.
by hi a own standard

Each patient must· be judged

Von Noorden ( 116) first di sting-

uished two types of obesity; those :patients whose caloric intake was obviously greatly increased over their
actual needs (these he ca:nea exogenous cases) and those
patients who caloric intake was normal or even below
normal, but who nevertheless became obese (these he
called endogenous cases.)
Theory of Exogenous Obes1tx -- ( Al·imentary obesity,
Nutrional Obesity.)
This tl--eory says that obesity 18 due to a disturbance of
the energy balance (energy intake over energy outgo) in
the positive direction.

The patient of this type be-

comes obe·se because he eats too much or exercises too
11 ttle.
Theory of Endogenous Obesity
(Metabolic obesity,
. . .. onsti tutional obesit:t; Endocrine· obesity.)
This theory bolds that obesity is in .many eases primarily
due to an altered

met~bol1sm

of the individual ·so that
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he either has a decrea:sed energy need, or is enabled to
use his energy intake more economically.
his energy balance also.become positive.

In this way
The most

popular method of explaining this endogenous type of
obesity is on the basis of. dysfunction of the endocrine
glands.

However, a great

de~l

of investigation has

been done on the metabolism of these individuals.

Some

investigations have also been carried out as to the hered1 ty of these individuals as we_ll a.a the 11pophil1a of
the tissue cells themselves.

All o·f these theories will

be discussed later.·
The purpose of this section -of the paper is to
weigh the evidence in favor of each of these two theories. - l'i'x?genous versus endogenous has been a hot bed
of argument: every since Von Noorden brought out this
type of classification in 1910.
Newburgh'(84) is the strongest advocate of the exogenous theory.

He say'S that obesity is never directly

caused by an abnormal metabolism,· Out is always due to
a food ingestion that is f!'.reater than needed to replace
the fo •d consumption.

0f course, everyone agrees that

obesity is due to overingestion of food beyond the caloric needs of the· body, but the question to be answered
is

why

do these· obese persons

tend to overingestion in

r
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the first place?

Newburgh (84) believes they overeat

simply because they like to overeat.

When the objection

ia raised that an adult individual will maintain a uniform .weight never varying mo·re than a pound for years
in spite of Wide fluctuations in consumption of food
from day to day, Newburgh says that this fat regulatory
mechanism depends upon the appetite.

He believes that

obestty is due to a dulling of the a-oneti te stimulus,
which prevents most of us from overeating, by persistent
disregard of this stimulus.

This auestion of appetite

will be discussed more completely under a later section.
However, as Graefe (45) has pointed out, the fact
that many persons become fat because they overeat, does
not explain why they overeat.
overindul~ence

Might not the factors

of

(love of ,food) and decreased activity

(laziness) also be ascribed to.the constitutional and
endocrine make up of the individual.

Hagedorn, ?olten

and Johansen (49) do not believe that obesity can always
be due exclusivelv to overnut;rition.
regulation independent of appetite.

There must be a
Joslin• (56) has

pointed out the freauency of diabetes occuring in obese
persons, and Hagedorn et al. think then that diabetes
anc obesity must have the same, or any a rate, a very
similar disarrangement of metabolism as the underlying

r
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cause •. They believe this abnormality was a tendency for
an increased transfonnat1on of carbohydrate into fat.
Joslin (56) himself also feels that ben-,ise diabetes
and obesity are so closely related,' there must be a similar dysfunction in both.
Goldblatt, Smith, and Gardiner-Hill (43) carry this
side of the argument a bit further.

They believe that

the only distinction, from the point of view
hydrate

met~bolism,

or·

carbo-

which can be drawn between cases,

grouped C'lin;tcally and et1olog1ca1ly as exogenous and
endogenous 18 that in the early stages of endogenous
obeatty, there exists a markedly increased carbohydrate
toleranC'e· in both storage and oxidation.

In the inter-

mediate and late stages of endogenous obesity, there is
a tendency toward a More marked lack of tolerance to
carbohydrate so that blood studies approach the condition
i

seen ·1n diabetes.

They state,

"The point to be emphasized is that· the difference
between exogenous and endogenous types of Obesity is only
one of degree, not of kind, and that both are the result
of disordered metabolism, which in the last analysis is
due to glandular dysfunction."
Gusman (48) believes that all obesity at the onset
is exogenous in nature, but with persistent overeating

30

Etiolo131
tends to become endogenous.

He stresses the importance

of the endocrine chain of glands in the control of the
metabolic proce8ses in tre body.

Because of the adaptive

ability of thi.s endocrine control, we are able occasionally to eat much more than our caloric requirement, e.g.

Thanksgiving Day dinner, without any change in weight.
However, if we eont1,nue to overeat as. a regular thing,
our endocrine mechanism becomes exhausted, and,obesity
develops.

This is a very attractive theory, but still

doesn t expla.1n why we

overe~t

in the first

Strouse and Dye (111) also 'believe

th~t

plac~.

many, ca.see

of obesit'tr cannot· be explained purely on a nutrional
basis.

They report four cases of obesity that failed

to lose weight over the period of one· month,ralthough
'
thev continued
to work on a sub maintenance diet.

burgh (84) has a. ready answer for this argument.

NewHe

says that this fallure to lose weight is due to water
retention under the

infl~ence

of tr.e reduction diet.

In a eomplicat·ed set of calculations, he shows that, the
pred1-0ted wetght' loss.from month to month, and even from
day to day eqµals the actual weight loss, when exact observations are made on t.he fluid intake, fluid output and
insensible persp1J:"at1on.
Silver and Bauer (103) do not even bel.ieve that fat
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deposition is the result of positive energy balance.
They postulate, rather, that certain tissues of the body
have an inborn or constitutional tendency to store fat
tissue.

They be1.ieve that this inborn tendency becomes

active under the effect of t'-e endocrine glands.
point out that metabolism

c~m

They

have 11 ttle to do with the

development of obesity because hypothyroidism, Addison's
disease, pluriglandular insufficiency, and hypophyseal
cachexia all have a low metabolic rate, and yet are not
al 1 characterized by obesity.
this

theor~r

Gra.efe ( 45) says while

may be true, it cannot be considered a.s a

primary factor.

It is more important in explaining

the distribution of the fat in the various tissues after
the obesity develops.

The pituitary hormones seem to

have a special affinity for the cells below

t~e

waist

line and the thyroid substance is most active above
the waist.

Roughly, the distribution of the fat in

the hypothyroid is over the back and shoulders, while
we are all familar with the "girdle obesity" seen in
hypopituitary states.
Barr (3), on the other hand, says that in spite
of the popularity of ascribinp hypertension, obesity,
diabetes, and hypoglycemia to endocrine disturbance,
the fact remains that t'-e great ma,jority of cases of
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these conditions
crine disease.

di~play

no clinical evidence of endo-

He admits that an occasional case has

been demonstrated associated wi tr some anatomical pathology of the

endocr~.ne

cases are rather rare

system, but repeats that these
Some cases of endocrine dysfunc-

tion may be due to hyperplasia or hyponlasia, such conditions beinp: very difficult to demonstrate.

Hunter (53)

bf'"lieves that in the vast maj or1 ty of cases in whicti
no organic lesion can be found are due solely to overingestion of food stuff.
of

10~

Christie ( 23) sets the figure

as the properpercentage 0f cases of obesity due

to endocrine dysfunction in adult life.
Kern (29) in a series of 38 cases (unselected)
found

78~

of obese males and 74( of obese females had

some endocrine dysfunction, and that in both sexes, the
greatest percentage of these

w~re

function of the thyroid gland.

associated with dys-

This last paper is quot-

ed only to show the wide variation of reports as to
t'l''e incidence of endocr1ne disorder.

Newburgh says

there are none, Kern says 76%.
Conclusions
In the opinion of this author, the question of
exogenous and endogenous obesity is ae unsettled as
ever.

,~s

ha:s been pointed. out above, there are three
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main schools of thought:
1. Those who hold that obesity is entirely exogenous. (Newburgh ( 84) ) •
2. Those who maintain that: obesity is entirely

endogenous (Kern (59),

~ilver

and Bauer (103),

and Gusman ( 48) ) •

3. Those who maintain that both types occur.
The chief factors for postulating an endogenous type
of obesity are the clinical observations, made so commonly that they cannot be entirely neglected.
a. Freauent history of suddenese of weight gain,
aRsociated with other symptoms of dysfunction of some
endocrine gland.
b. Difficulty· with whibh these patients lose weight
on reduction diets.
c. Tbe frequent observati_ons that many obese persons are really small eaters.
d. The constant level at which the

wei~ht

is main-

tained once the patient reaches a certain degree of
obesity.
e. Hereditary tendency.
On

the other hand, the chief supnort for the exo-

genous theory is the fact thBt a tremendous amount of
investigation on a laboratory basis has failed to re-
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veal any constant alteration in metabolism.

on

be ab.own under the section

As w111

metabolism, most eases

of obesity show a normal basal metabolic rate, no change
1n the specific dynamic action of their food, and no
evidence of an 1nereased

in muecular action

e~ficiency

or increased economy in the metabolism of food.
Exogenous ObesitI
As was described in the previous section, the thoery
of exogenous obesity holds that the deposit of excess

calories as fat is due entirely to overingestion of calories.
of

For the purposes. of discussion, this definition

exo~enous

will be broadened so that all cases of

obesity which do not

~hotr:evidence

of endocrine disease

(lowered basal metabolic rate, change in sexual characteristics, etc.) will be included.
The incidence of

exo~enous.

stated by Christie (23).

obesity has been well

He gives the following periods

in the life cycle when exogenous obesity is the most
common~

a. Infants--obesity seen in· infants is almost always exogenous in origin.

It is more common in bottle

fed babies, in which the formula used is too rich, especia1 ly in·carbohydtate.
even in breast fad infants.

However

it sometimes occurs

Some mothers seem endowed

..
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with a richer .auali tv of ;milk than normal.

Christie

says that a few cases of infantile obesity are due to
a hypothyroid state ( cretonism).

This condition must

always be excluded tn the diff.erential diagnosis.
b. Children--exogenous obesitv is almost never seen
in children.

Like all

youn~

animals, they consume too

much energy growing and 'in excess activity.

Obesity

in children most commonly occurs at the time of puberty
and is almost always due to pituitary or thyro-pituitary
insufficiency.
c. Adults.--Ninety percent of the obesity seen in
adults is exogenous •
most

c~mmon

In men, the onset of obesity is

after forty years of age, when the indiv-

idual ha.s attained a

t~i:r

amount of. prosperity.

are most prone to obese after pregnancy.

Women

Acc·ording .to.

Christie, this may occur becaus.e of an increased appet1 te.
developed during pregnancy, but may likewise be due to.
a temporary endocrine inbalance.

Also, many young wo-

men tend to become somewhat obese as they reach the
end of the growth period.

This is also endocrine in

nature.
In any attempt to explain the so called "simpler!
type of obesity, the question immediately arises,. -Why does the energy balance become positive and force

Etiolosy
the development of oQesity?

Most people tend to over-

eat, yet only a comparatively small percentage of the
population becomes obese.

What happens in certain in-

dividuals_ that they become obese?

Excluding the small

percentage. of eases due to endocrine dysfunction, there
are three main schools of thought{regardinF these auestions;
the first, that maintain there is some change in the

appetite mechanism, the second, that believe that there
is also some constitutional or heredity feature,

~nd

the third, that holds there is some change in the combustion processes in the body.
AnEetite
Newburgh (84) is the great champion of the exogenous
theory of obesity.

"ft er prolonged and careful studies

on· the obese and normal patients in a "metabolic cage"•
measuring carefully the amount

~f

food given, the weight

loss both obvious and insensible and checking the metabolic rates, he concluded that obesity is always exogenous.

It is due. to persistent overeating and dulling of

the appet1 te stimulus.

Newburgh believes, in constrast

to the popular opinion that the fat person 1 s slow moving, good natured

i~di vi dual,

thri t the obese person al-

most always exhibits an emotional, unstable personality.
1!tl:t:':obta1i:ls relief of nervous tension states by the re-
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peated nibbling of food.
Harrington (50) working in Newburgh' s laboratory,
studied this mechani8m of the !!!)petite in some detail.
She found, in the study of three normal individuals,
that all three gained weight on a concentrated diet,
and lost weight on a bulky diet.

These persons were

allowed to eat as much as they wanted to; only the qual-,
ity of

t~e

diet

bein~

changed.

She concluded that ·gas-

tric distention had very li tt1e to do with appetite,
but that taste did.

All three individuals admitted

that they ate a larger auantity of the concentrated
diet because of t-he sweeter taste.

She also believes

that obese oersons eat t0 relieve nervous tension states,
e g. women at bridge parties nibble at eandy instead of
reaching for a cigarette.

Manv individuals attend after

theater parties, not because tney are hungry, but to
have somethinp: to do.

She auotes the case of one girl

wbo desi'red to lose weight in order to obtain a Job as
a private secretary. -Sh_e lost considerable weight on
a reduction diet.

When she was married sometime later,

she gained back a.11 the weight she had previously lost
during her honeymoon.

She reported that it was impos-

e.ible to select her diets carefully in hotels.

....
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Cheny (22) draws a distinction between hunp'.er and
appetite stimulation.

!lunger is an unoleasant sensation

which occurs when the stomach is empty and is due to
gastric contractions.
to

a

It varies from a hollow feeling

gnawing pain in the epigastrium.

ADpetite, on the

other hand, is a desire for a particular food or drink
which is a oleasure, and depends on previous acauaintance with the substance in ouestion.

It occurs before

appointed meal times or may be aroused by the taste or
smell of food.·

Thus hunger is an organic stimulation,

while appetite is a psychic stimulation.

In the obese,

appetite may increase so much that it represents a mild
fonn of psychoneurosis.
Graefe (45) stresses the importance of appetite
and the feeling of satiety in limiting the caloric intake.
The feeling of satiety is a complex mechanism and certainly does not set in with the rapidity of a reflex.
It needs time to develop.

This regulatory principle

suffers under abnormal conditions.

'Pe shows

that in

Germ.!lrl'r in the post war period, there was a rapid increase in the incidence of obesity.

Foodstuffs which

the GermAns bad had to .deny themeel ves for years were
available agalin in increasing amounts.

The mechanism

whifJb had been practica 1 ly out of use for so long no
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longer functioned acrurately.

There followed a rein-

stated almost physioloi:i-ical hyperappetite.
lon~

The joy, so

denied, of eating one's fill, kept the voice of

satiety from sounding the warning in time or at all. The
result was a rapid increase in obesity from 1924 to 1926.
Familiar to all, is the rapid gain of weight, sometimes far above normal, in convalescents, who have suffered from a long devastating disease.

.
cases in

There are some

which inereased aupetite amounts to a compul-

sion neurosis. rraefe (45) ouotes, in his textbook, an
exaggerated example of hyperappetite from C.F. Graefe,
early in the nineteenth century.
ttEarly in this thirtieth yeer, the patient's appetite became so enormous trat he was obliged to eat
twelve nounds of meat besides the rest of his meals during the day.

It there was a bet upon 1 t, he was a.ble

to eat a whole calf at one sitting without appArent discomfort.

That there was no disturbance causing this

condition is evident from the fact that under nroper
medical treatment, his '''eip:ht dropped from 363 to 209
pounds in eight months."
Christie (23) says that this hyperappetite is seldom the result of over indulgence in an excess amount of
foodstuff.

Rather, the majority of the obese are gourmets
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intbat·they indulge in the flavor of eertain fat forming foods.

Some individuals are carbohydrate eaters

("Potatoes, bread, cakes, wiskey).

Others are attracted

by fats (butter, cream, cheese), wri le the tooth of the
third is definitely "sweet.'-'
Strang and McClugage (109) in studying the specific
dynamic action of food ln obese patients,·. found that
there wae no si'!nificant difference in ·the amount of·
heat production increase in the obese, normal, and thin
Froups.

However they did observe that

t~e

rate of heat

production was slower in the obese; the obese group did
show maximum heat production until the second hour after
a mixed meal, while the thin and normal groups showed
t·he maximum heat production in the first hour.· ·They
concluded that satiety occurred sooner in the thin person because he ttgets hot" faste!.

He avoids further

eating to avoid discomfort of further overheating.

The

obese person·eats more because he has more time before
uncomfortable overheating occurs.

While this observation

is interesting, it does not explain why a person gets
fat in the first place.

Ir

the normal person has a rapid

rate of heat producti:on, why does he ever overeat, and
allow himself to become fat and develop this slow rate
of heat·production?

Evans (36), agrees with this theory,
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but believes that the obesity, at first, is a habit of
overeating, the overeating being primary.

Later when

obesity is well established, the slower rate of overheating becomes established and the obesity becomes secondary to it, thus forming a vicious cycle.

The only

objection to this type of reasoning is the common clinical observation that fat persons do not tend to increase in weight once they have reached a certain level
of overweightness.

~is

usually happens within the

first five years of the obese condition.

If this vic-

ious cycle theory is right, one would expect the obese
person to continue to gain in weight.
lambie (65) points out the frequency with which
collei::i::e atheletes nswallow their footballs."

He be-

lieves that aupet1te habits are set at one level of
energy output and persist in
level.

sp~te

of a lowered energy

The basal metabolic rate declines slowly after

35 years of age.

The persistence of food habits may

account for t""e increasing incidence of obesi ty after
0

forty vears of age.
Many authors have pointed out the dependence of
hunger' stimuli on·thelevel of the sugar in the blood.
This blood sugar level depends on insulin secretion.
These authors believe that increased insulin secretion

...
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· results in a fall of blood sugar giving rise to an increased hun12:er stimulation.

If this is a persistent

proeese, it may result in obesity.

This theory will

be discussed in detail later under the section on Endocrine obesity.
Heredity
In eonstrast to the idea that exogenou-s obesity is
due solely to hyperalimentation because of acquired
faulty food habits, etc., many authors say that there
must be another factor which is at least coincb1!detrt with
if not the cause of t'he increased appetite.
-'tf"',..'

The con-

stitutional theory of obesity depends on this concept.
The constitutional theory hold·a that "simple'' obes1 ty
is not

sim~le

at all but is closely related to the

constitutional and endocrine patterns of the individual.
Davenport (26) observed that two slender parents
rarely have a fleshy child, and that most of the children of obe.se parents tend to obesity.

The union of one

slender parent ana one fleshy parent usually results
in fleshy children, but not as markedly so as when both
parents are fleshy.

These observation a.re suggestive

that cobesity should be considered an inherited characteristic, and probably a dominant one at that.

Davenport

observed that as children grow older, they tend to undergo the same changes in regard to weight and height as
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the1:·r parents did.

From these observations, Davenport

states that in the population at large, there are three
biological types: slender, medium, and fleshy.
individuals fall into one of these three types.

Most
There

are very few individuals that are intermediate between
these three.
Carrying these observations further, Davenport
and Nelson (27) aDplied statistical methods to 402 persons from 71 families.

They

me~sured

the chest girth

as a standard of nutritional state (undernourished
children have a small skeletal frame, while those well
nourished from infancy have a large skeletal frame well
covered with muscle and fat.)

Then they graded the

appetite and the degree of activity by auestioning both
the sub.ject and members of the families of the subjects.
By their calculations, they at.tempted to correlate the
observed nutrional state with the degree of activity
and the appetite as reoorted to them. They found no
correlation at all among these factors.

!hen they con-

cluded that body build must be a constitutional phenomenon: endocrine idiosyncracies and metabolic peculiar1 ties

may be inherited.
Joslin (56) also observed the freaueney of diabetes

in the Jewish race.

Pe stresses the high incidence of
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diabetes in the obese individuals.
diabetes, 77< were obese.

In 1000 cas.es of

He points out the fact that

the Jewish race as a whole are prone to be heavy eaters.
·r

Gurney ( 47) analysed 75 cases of stout women and

57 cases of non stout women between 20 and 50 years
of life.

In comparing the history of these two groups

as to the stoutness of their parents, he drew up the
following table::
Gi-oup

Stou't \.,/o,,..eh
Na,. 5toui \.lo"'e>t

Mo't"er
STou-t"

Motl..cr •n.!

r-...-t1,.,.<;;-t..,1

lf-3 ..,,..

30"70

2.5 '·

(. 3

F ..+•ar-

-;;+...,,-

/Ii 470

"· '"%

Mori..,. .lha
f'.rtl...-

N... ~t...-i

I 'I %
(.;;).. %

Analysis of these cases on the basis of the progeny obtained from the stout and non stout parents,
be found the following:

Gurney concluded that stout pa.rents have a gamete
for slenderness and non stout parents rarely. have a gamete for stoutness.

Because of this, regression to a

more normal build, as a result of these gametes for
slenderness in t"he obese partents, can be seen in the
offspring of stout parents to a.considerable greater degree than in the off spring of slender parents toward
obesity.·
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Rony (95) also thought that heredity must be very
important in-body weight.

He says that obese, normal

and lean persons revert to their previous weight when
treatment stops.

This indicates that there is a de-

licate and sensitive mechanism regulating the fat content of the body in all persons.

This mechanism, which

may be compared to the body heat or water volume. regulating mechanisms, is governed by the existinF fat content
of the body for the person's age, sex, and. heiftht.

In

the normal person, when the fat content rises, this mechanism causes a. decreased aupetite and an increased activity
and possibly an increased specific dynamic action of
food~

'l'his restores the normal fat content of the body.

This mechanism is set a eertaln level genetically but
may be influenced or changed by hormonal (endocrine obesity) or nervous fDercum's

di~ease)

influences.

In.

obe,sity, this mechanism is set abnormally high, and in
lean persons, it is set abnormallv low.
operation is no

le~s

However, its

efficient than in the normal per-

son, as evidenced by the rapidity with which an obese
person will regain his weight when he goes off his reduction diet.
Newburgh (84), however, savs that,heredity is of
no importance in obesity.

He eup:gest rather that obese
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pa.rents, who have acouired the habit of overeating,
train treir children to overeat also.

Joslin (56)

admits this possibility.
A modification of the Hereditary theory is stated
by Silver and Bauer (103).

1hese authors claim that

there is a: lipophilia of the tiBsues so that they tend
to store fat.

Certain tissues tend to store fat more

readily than other tissues, e.g. the abdominal wall.
Silver and Bauer believe that in the obeee, this tendency is more marked in these regions and also active
in other regions where it is not normally present.
They state th-=1t t1'is lipophilia should be regarded as
a hereditary tendency, although, like many
tr~,1ts,

con~enital

may not become active for many years after birth.

v. Bergman (115) also propounded this theory of lipomatous tendency.

Re

describe~

it as a condition of ab-

normally facilitated fat production ana impeded fat
destruction.

He claims that obesity in some cases is

sort of a lipomatosis universalis in the sense that the
lipophilia in a certain tissue is primary, and the sparing in the energy expended is secondary.
Metabolism The other popular answer to the auestion asking why
certain individuals tend to become fat presupposes some
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some disorder in the metabolism of the individual as.the
primary cause

They believe that obesity depends not so

much on an increased energv intake as a decreased energy
output.

A tremendous amount of research, and a tremendous

amount of pure .philosphy appear in the literature regarding this subject.

The difficulty in establishing an al-

tered metabolism as the primary cause of obeslty is that
the metabolic .. tests are applied to individuais wbo have
already become obese.

It is impossible to say then

·whether the obesity is the result of the chaJl8B1i metabolis~

or the. changed metabolism is the result of the

obesity.

.Many authors recognize this difficulty and

say that metabolic determinations should be carried out
so that not the observed surface area, but the ideal surface area if the patient v1ere of normal ·Size and shape
for his sex and age is used as the basis f'.or calculations.
The results O·f this· vas+ amount of 1nvestiszat1on
have
_._
.
.

been more confusing than helpful.

As in quoting scrip-

tures, any person with sufficient "scientific or.clinieal prestige'1 can set up a tpeor;r as +o the cause of
obesity and find plentyiof results in~he literature to
support him.

For examole, the famous Dr. X. can postu-

late a lowered basal metabolic rate in obesity and support it with a voluminous bibliography, as long as he

ir······
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is careful not to mention an eoually large series of
autl-ors who report a normal or even elevated basal metabolic rate in obesity, not to mention those who claim
that even the lowered basal metabolic rates are in reality even elevated when recalculated on the basis of ideal surface area.
'!'he purpose of this paper is not to take sides with
any one particular theory of obesity, but to report in
some detail all the commoner theories and. the reader
himself mav be the judge.

The commoner theories regard-

ing this altered metabolism will be listed below.

The

reader is.referred to the section on metabolism for detailed discussion pro and con for

~ach

theory.

1. A decreased basal metabolic rate--the early
workers in metabolism reported a very high incidence of
cases of obesity with a decreased metabolic rate.

They

of course post,1lated this as the most common cause of
obeai ty.

However with the establiehme.nt of better stand-

ards and from the report of a great many determinations
on the metabolism in thin, normal, and obese groups,
it was found that the distribution of the obese into
high, low, and normal metabolic rates was so inconstant
and irregular as to be:of no use in determing the etiology
of the condition.

Etiology
2. A decreased total metabolism--some authors
believe tha.t basal metabolism determinations are not
indicative of the total metabolism, and that obesity is
the result in a decreased total metabolism, not a decrease in the basal metabolism.
good example of this group.

Bernhardt (11) is a

He believes that during

the twenty-four hour period, there are times when the
metabolic rate is depressed somewhat below the basal
metabolic rate as determined in the morning.

He called

these nepative phases, and said·they were most prone
to occur after light exercise, taking food, and during
sleep.

Unfortunately, other authors have been unable

to confirm this.

3. Jluscular economy,.-•some authors report that
obese persons are able to perform muscular exercise more
efficiently than normal individuals, and that they consequent~-y

require less energy.

port just the opposite.

Other investigators re-

Common observation of the in-

efficiency of the fat person in·e.ny atheletic competition
would tend to· discard this theory.
4. Food economy--the sunporters of this theory
hold that the obese person

i~

able to extract a larger

number of calories from a glven amount of f.ood ingested
than the normal person can.

The usual mechanism given
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is that the specific dynamic effect

of

the food, espec-

ially protein, is decreased in the obese, giving him a
larger supply of calories.

So many authors, including

Rolly (94), Wang, Strouse, and Saunders (118), Plaut
(91), Mason 174), and Bernhardt (11), have reported this
decrease in the obese group that it cannot be·disregarded.

.,:rowever, this action decrease amounts to only l to

5~,

and this a.mount does not seem sufficient ·to account

for a very substantial gain in weight.

5. Altered combustion mechanism--This theory
holds that. the obese have a qualitative type of metabolism change.

Most autrors report a.lower respiratory

quotient in the obese, indicating that they are burning
a different typ.e of mixture -than the normal.
pretation of this varies

considerabl~.

that this low R.O. indicates
store carbohydrate as fat.

an
On

The inter-

Many men feel

increased tendency to
the other hand, one might·

think that the lowered R.Q. is the result of, not the
cause of obesity.

The obese person has a lower :respir-

atory quotient simply because he bas a greater proportion of fat tissue to burn than the normal person.
6

Lu:xus consumution--because of the frequent

demonstration of a·drop in the basal metabolic rate as
the result of starvation, Graefe (46) felt that there
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must also be a compensatory rise in basal metabolism as
the result of persistent overfeeding.

others, again,

have been unable to demonstrate this as well as Graefe.
did.

Tnis theory cannot be accepted, therefore, until

further proof 1e of'f.ered;.

7. Water retention--many authors have pointed
out that much of the increased body weight in some eases
of.. obesity was -not· due to fat deposition alone, but was
also due to. water retent.ion.

The most modern thought

regarding this matter, ea expressed by Newbnrgh and
Johnston {85), is that water retention is slight in
fat t.if:lsue until the energy balance is upset at the
onset of a reduct.ion diet .

. 8. Increased:carbohyd.rate.tolerance--this.
theory holds that the obese indi vidual"'"has a peculiar
ability to burn glucose with a .marked thoroughness;
and thus spares hie protein and fat tissues.

This

the~ry

is based on the observation that many obese persons have
an increased glucose tolerance curve as indicated by
blood chemistry methods.

Thie theory is tied up with

pancreatic function and will be discussed under the
eection on endocrine obesity. · Ogilvie (87) says that
during the first five years. of obesity, at least 5CG,t
of the cases show an increased tolerance.

--------------------------------
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Endocrine Obesit.I
Endocrine obesity may be defined as obesity a.ssociated with some pathology of one or more of the endocrine
glands and characterized by obesity of rapid onset, characteristic fat distribution, resistance to treatment,
and associated with other symptoms and signs of the vario11 s endocrine complexes.

Endocrine obesity has been

very popular, at least with the lay public, because it
offers a water tight-- excuse for being overweight.

To

the physicians, it has not proved so popular, however,
because of the difficulty and expense of differential
diagnosis and the remarkable resistance of these patients to any form of reduction therapy.

Substitution

therapy with the various endocrine preparations has,
even with a careful and accurate differential diagnosis,
at best proved to be a prolonged trial and error proposition.
Classification
Endocrine obesity ha,s been classified according to
age by Christie (23), Engelbach (35) and Tidy (113).
Engelbach, for example says that there are three different types according to age:

1. Infantileftype--hypothyroidism (eretonism.)
2. Juvenile type--hypopituitarism (Fr8hlich's

..
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syndrome) and hypopituitary-hypothyroidism.

3. Adult type--hypogonad1sm (after 35 years.)
Many authors, for instance Weber (123) have advocated the

classi~ication

according to the distribution of

the fat, e.g. the girdle obesity of pituitary origin,
the upper extremity obesity of thyroid origin, and the
trochanteric obesity of gonad origin.

Graefe (45) says

that this division is illogical except for a very small
percentage of typical, sharply defined: forms.
least

80~

of the cases, fat distribution

~ives

In at
no indic-

ation as to the origin of the obesity.
The purpose of this section of the paper is to
describe the various endoc-rine types of obesity. The
relationship of exogenous and endogenous obesity has
been discussed in a previous section of the etiology.
(See Exogenous vs Endogenous.) . Although there is no
good distinction between exogenous and endogenous
obesity, and also in spite of the fact that the various
types in the endocrine group itself are not clearly
differentiated, we will discuss each type independently
as though 1 t were a clinical entity with no relationship

to the others.

Also, the obesities due to damage

to the higher nervous centers will be discussed independently in spite of their close relationship to
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pituitary obesity.
Pituitary Gland
In 1898, Fr8hlieh (39) first described the condition
later to be called dystrophia adiposogenitalis or Frolich' a Svndrome.

Pis pat tent was that of a boy;; four-

teen years of age, who had suffered two years with headache and vomiting, and had gained weight rapidly.
fat distribution was .. about the girdle region.

The

Tl;J:e geni t-

alia were-underdeveloped, and the pubic and axillary hair
were absent.

Since that time various types of obesity

have been ascribed to pituitary origin, but only two
have stood the test of time, FrBhlich's syndrome and
Cushing's

pituit~ry

basophilism.

of FrBhlich' s syndrome.

There are several types

I). sser (67).

·says th.?.t all cases

of pituitary obesity should be called Fr8hlich' s syndrome
and classified as follows:
a. Childhood types
1. Lorrain type with skeletal undergrowth
2. Brissaud type with normal skeletal growth
b. Adolescent type--original FrBhlich type
c. Adult type
d. Hypopituitarism with acromegaly (Cushing type)
e. Adiposis dolorosa (Dercum•s disease)
f. Dystrophia ad1posogen1talis with atypical
retinitis

~igmentosa

and Mental deficiency

(Lawerence-Biedel Syndrome)
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In this paper, we will discuss FrBhlich' s syndrome
with its variations as one entity, and Cushing's type
as another entity.

Dercum's disease will be considered

later under the section of nervous obesities.
a. !.!:Bhlich' s Svndrome r Adi posogeni talls)
This condition may be defined as a syndrome
complex due to underfunction of th f" hypophysis, chara.cterized by obesity, genital hypoplasia, and faulty
skeletal development, associated with nervous and mental
s:rmptoms which are ei t11er the direct result of deficient
secretion or denendent upon local or Feneral intracranial
pressure.

(Definition by "Reck (5) ) •

The classical

type of adiposogenitalis described by Fr8hlich occurred
in an adolescent boy with the onset at the time of puberty.
This is the rn0st commo"Yl t;rpe of piY:,uitary obesity, and
also the most frequent type seen during adolescence.
Loewenberg (68) describes the various types of Fr8hlich's
syndrome, thus:
1. Lorrain t,ype--occurs before puberty. ·The
patient is small in stature and delicately formed.
The face is characterized by fine features. There
is no obesity. The only excess fat occurs over
the mons veneris. The legs are long and slender.
'l'he geni ta.ls are small and secondary sex characteristics are absent. The mentality is bright.
2. Brissaud's type--occurs before puberty.
The skeleton is underdeveloped. The neck is short
and stubby. The body is covered by a thick layer
of fat which is universal in character. The face
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has a characteristic "pudding faoe 11 aopearance. There
are no secondary sexual characteristics developed.
The mentality is dull. Torpidity and somnolence is
common. The carbo11ydrate tolerance is usually elevated. Tidy f11j)suggests that the Fat Boy in "Pickwick" was such an individual.
·
3. Adolescent type--this type occurs about the
time of puberty. The skeletal growth is retarder1 so
the individual becomes short and stocky. Obesity
develops rapidly and tends to assume a fairly definite type of distribution with relative increase
of subcutaneous deposits about the hips, thi~hs,
mons, and lower abdomen - the so called !'girdle
obesity." The fingers tend to be tapering. There
is genital dystrophy in both sexes. The penis is
rudimentary and is often almost hidden in cushions
of fat. ·The prostate and scrotum remain small. The
pubic hair has a feminine type of distribution. In
the female, the clitoris is short, and the labia
minora are small. T'· e uterus retains its infantile
shape· and size. The ovaries are usually not palpable.
Both menstruation and ovulation are usually absent.
The carbohydrate tolerance is high. There is a
low blood pressure and subnormal temperature. The
basal metabolic rate is usually subnormal.
4 Late adult type--occurs near the menopause.
The patient puts on weight ranidly of the girdle
type. The dystrophy o"' the sexual organs and the
loss of libido is not marked. Rather the patient
complains of pressure symptoms (headache, hemianopsia, epilepsy.}
.
·
5. Associated with Acromegaly.--In these patient's there is a long history of acromegaly (due
to hyperpituitarism), but after many years, the
patient becomes fat,presents the symptoms of hypopituitarism.
6. Associated with atyn1cal retinitis pigmentosa and mental def1ciency--Lawerence-Biedel Syndrome.
This disturb~mce is characterized by all the symptoms of Fr8hlich's Syndrome plus mental deficiency.
Examination of the eyes shows the retinitis. This
is a con!lenital disease, and is usually seen in
several members of the same family. Often other
congenital defects are present.
The development of this syndrome is caused by hypo-
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secretion of the pituitary gland.

The reason for the

hyposecretion is difficult to explain because many cases
show little or no gross or microscopic pathology of the
pituitary gland..

Christi~

(23.) said the etiology of

this condition was fourfold:
a. Congenital or primary hypoplasia
b. Traumatic--skull fracture
c. Inflarnmatory--tuberoulosis, toxins from
infectious diseases
d. Pressure--tumors developing in.this neip:h-

borhood, e.g. craniopharyngioma
Beck (5) lists the same four causes but stresses
in particular the prescence of tumor.in or near the hypophysis.

Masterman-Woods (76) said the only cause of

this disease was insufficiency of the posterior pituitary
hormone.

Kem (59)

he doesn t know

recognizes .the syndrome but says that

whether~1t11:s

posterior, anterior, or

intermediate o1 tui tary or a combination.

Meagher and,

Heuer (80) say that the syndrome may be due either to
craniopharyngioma or to chromophil adenoma of the anterior
pituitary.

Mazer and Goldstein (78) suggest that the

condition might be due to a concomittant involvement·
of the pituitary gland and the tuber cinereum.

T_,oewen-

berg· (68) says that sometimes the condition may be due

r··
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entirely to involvment of the tuber cinereum or hypothalmus.
Probably Hazer and Goldstem (78) come nearest the
truth.

The svmotoms of genital dystrophy and skeletal

undergrowth depend on

c~owding

out of the chromophil

cells of the anterior oituitary.

The s:vmptome of som-

nolence,. :retinitis, mental deficiency depend on the
pressure on the hypothalmus and cerebrum.

Headache

depends on increased intnreranial pressure, while
blindness results from pressure on the optic chiasma.
The obesity itself may be due to a p1tu1 tary

lesion~

or may be due to interferance with a possible fat center in or near the tuber cinereum.

This question will

be discussed lat·er under the nervous theory of obesity.
b. Cushinp.:'s Syridrome.;.-(p1tuitary Basophilism)
C'ushing (25) defines. his syndrome as due to
an atypical pituitary tumor and characterized by a rapidly acauired adipoei ty chiefly affecting the head, neck
and trunk, sparing the extremities, leaving them etrikimsly thin looking.

This adiposity has a peculiar tense

more or less painful. character.

The individuals affect-

ed have a plethoric a•ppearance.

There is an exagger-

ation of secondary sex manifestations most often evidenced by an overgrowth of hair on the face and neck.
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The abdomen is often covered by purpl:t sh cutaneous striae.
In the females, only very rare cases have been reported
in males, there is an amennorrhea.
tendency to hypertension.
sociated symptom.

There is a marked

Glycosuria is a frequent as-

The red blood count and the hemoglob-

in percentage is often elevated.

a loss of libido with

testicu~ar

In the males there is
atrophy.

Softening of

the bones with diminution in heig'."t and spinal kyphos1 s
is common.
Regarding the nature of this :syndrome,· Cushing says
that it is definitely a polyglandular disease with a
pituitary

o~igin.

The gain in weigrt and the exagger-

ation of secondary sexual characteristics are pituitary
in origin.

The hypertension, hirsutism are due to dys-

function of the adrenal gland.
skeleton is probably

parathy~oid

The osteoporosis of the
in origin.

The path•

ology in the pituitary gland is usually not obvious.
Microscopic study of serial sections is sometimes needed
to demonstrate the very small adenomata of basophilic
cells.
c. Posterior

~ituitar;y.

Although posterior pituitary insufficiency
has been pretty well ruled out as the cause of Fr8hl1ch' s

syndrome, Rowntree and Brunsting (99) suggest it as a

.
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new possibility in the etiology of obesity.

They quote

the histories of two young women suffering from obesity
associated with some pituitary symptoms.

Both of these.

patients failed to lose weight on a reduction diet until
they were also put on dehydration therapy.

These authors

suggested that the obesity in these eases was due to
hyperactivity of prolan A causing early puberty, with
secondary hyperactivity of the posterior lobe resulting
in retention of water; either by_ pi tressin or the water
hormone of Kamm.

This condition would be the antithesis

of diabetes 1nsipidus.
Thyroid Gland
In his original classification of obesity, von
Noorden (116) .divided all cases into exogenous and endogenous.

He said that the endogenous cases were due to

a "hypothyroid state."

Furthe~

investigation has fail.;
:::"-

ed to bear out von Noorden's conclusion that all cases
of endogenous obesity were due to hypofunct1ori of the
thyroid.
According to Engelbach (35), the clinical picture
of hypothyroid obesity is as follows:

o:'

"A smooth universal distribution of subdermal infiltration with ce'I"Vical fat pa.de in the supraclavicular region and padding of the hands and feet
on their dorsal surf°8.ces. The face is full, 'moon-
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faced.' The trunk is uniformly covered with an
even layer of adipose tissue. The extremities are
obese to the finger tlps."
Masterman~woods

(76) also describes this condition:

"The distribution of the fat is generalized with
peculiarly marked focal excesses. These excesses
are obvious in conformation of the face with its
swollen lips and cheeks, puffy eyelids, underhanging secondary chins and immensely thickened neck.
The eupraclavicualr hollows are completely obliterated~
Upon both supra-scapular regions are large
prominences. The arms are gross and the fingers
and bac~rs of the hands are puffy. · The breast's and
the abdomen are very fat, while the elephantine
legs terminate in feet and toes swollen and puffy
on their dorsal aspects."
In order to make a

dia~nosis

ever, the other symptoms

of thyroidal obesity, how-

(coarse dry rair, thickened

skin, slow heart, lassitude, low B.M .R., increased blood
cholesterol, and decreased s11gar tolerance) must be present, at least in part.
not

patho~nomonic

A low basal metabolic rate is

of thyroidal disease, because the

B.M.R. may also be decreased in pituitary disease.

The

clinical descriptions given above are very similar to
myxedema.

This brings us the nuestions of just what

are the differences between myxedema and obesity?
Graefe (45) says that there is no difference, and that
the term myxedema is an incorrect ·one.

The change in

the subcutaneous connective tissue is the result of
physiochemical changes.

For that ma+ter, then obesity
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is also an incorrect term for th 1 s type of. infi 1 tration.
Probably the gain in

wtd.~h.t

is only a symptom of thyroid

disea.se and should not be confused with the gain in weight
seen· in obesity.
Seve~al

authors have

su~gested

that the obesity

is primary to the development of the

hy~othyroid

instead of the ODposi te as

by von Noorden. /

sug~ested

state,
/

"Poulton (92) savs that as a person gains weight, the
same mass of active tissue, (muscles and

~lands)

have

to maintain a consenuently hii::rher rate of metabolism·
to keep up to the larger tissue mass.

After a time,

the thyroid gland tends to become insufficient from
this overwork, much as a heart decompensates.

There-

fore, be reasons that the obese person is first a
hyperthyroid, later a hvpothyroid.

Regarding the high

blood cholesterol that is associated with hypothyroid
states, Rruger and Poindexter (17) have shown that a
high caloric diet, presumably hiD:h in ca.rbohvdrates and
fa.ts, which results in obesity is not accompanied by a
rise of the plasma cholesterol in human beings.

This

would also tend to indicate that obesity must precede
the hypothyroid state.
on the 0th.er hand, assuming that Graefe and Graham's
(46) theory of luxus consumption is correct, the thyroid
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gland must be very important in the development of obesity because he showed that his dogs did not have any
luxus consumption after the thvroid gland had been removed.

Graefe felt that this was a very important fact

and served as a bridge between endogenous and exogenous
obesity.
It seems to this writer that the point at issue is
the definition of the word obesity.

If obesity means

an increase in weig-ht beyond the normal, then indeed the
hypothyroid individual may be considered obese.
if

o~esity

However

is limited only to those cases shoWing depos-

ition of excess calories as normal fat, then hypothyroid
has nothing to do with obesity.

Myxedema and fat may

not be considered the same substances.
Adrenal Glands
Unlike the other

endocri~e-glands

where hypofunction

seems to cause obesity, hyperfunctionpr the cortex of
the adrenal gland results in obesity in the female.
Excess cortical hormone has no effect on the male after
the time of puberty, but causes precocious. development
before that time.

In the female, Cecil (21) describes

the s-yn:lrome as follows:
Female.·children before puberty--"These children become fat. Seldom is there unusualy muscular
development as seen in .boys. Hair -appears early,on
the pubis and occasionally on the face. The skin
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becomes red, coarse, and dry. Acne is common. The
voice becomes coarse and ugl'r. The clitoris assumes
the shape of the penis. ~r.enstruation does not start
at puberty."
Females after puberty--"Usually the first symptom is cessation of menses. Normal sexual desire is
decreased and sometimes is perverted to homosexuality. Hirsutism appears shortly after cessation of
menses. The pubic hair is transformed to the male
type, and hair begins to grow on the face. Later
le~s, arms, abdomen, chest, and back become covered
with hair. The skin becomes red or brown and dry.
Acne ie common. The voice becomes masculine. The
mli toris enlarges greatly, re ssembling the adult
penis. The labia enlarp:e. The breasts atrophy.
Obesi t:v is one of tr.e most strikinP" symntoms. The
distrib1Jtion of fat is on the abdomen, chest, buttocks and hiPS. There is little if any fat depos1 ted on the legs or arms.
The face is full and
unsigr.tlv owing to deposits of fat in the cheeks,
under the chin and in the neck. Hypertension is
observed in many of these uatients. 11
The action of cortical hormone was first shown by
Goldzieher (44).

He showed that injection of cortical

hormone in twenty-three rabbits over a prolonp:ed period
resul tea in obesity.

The immediate effect of the in-

.1 ection was a drop in the blood cholesterol.

n-oldzieher

felt that this drop in blood cholesterol was brought
about by the endothelial cells with a subseauent storage
and fixation of the lipoids in the tissues.
By this and other worlr, the association of the
hyperfunction of t,__,e cortex of t'l-e suprarenal gland
and obesity seems well .established.

Packard and Wech-

sler ( 88) showed that patients suffering from supra.renal
insuPficiencv i:z:ained weitJ:ht rapidly on cortical hormone
preparations.

Koster, Goldzieher, Co 1 lens, and Victor (62)
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report a case that reduced from 330 pounds to 146 pounds
inside of seven months following the removal of one adrenal gland, the cort·ex of which showed marked hyperplasia.

Walters, Wilder, and Kepler (117) found an

adenocarcinoma in the cortex of the adrenal gland in
two cases at autopsy presentinF typical adrenal symptom complexes.· ·Another of

th~et'r

cases showed a benign

a.denoma of the cortex on operation.
The· question, then is not whether excess cortical
hormone causes obesity, but rather how this action is
carried outil

The work of Goldzieher (44), auoted above,

would seem to indicate that tl,,is surplus cortin had a
direct action on the endothelial cells of the body.
However, Cushing {25) points out that there is very
little difference between the above clinical syndrome
and his own description

o~o

pituitary basophilism.

He

says that in fourteen cases showing corticoadrenal tumors, ten showed als-o a: pituitary basophilic· adenoma,
when careful search was made for them by serial section.
Walters, Wilder, and Kepler (117Y however report only
one case of ten which also showed a basophilic adenoma
of the pituitary.

Cecil (21) believes that the mech-

ani am must in some way be connected with the gonads because cortical adenomata have no effect in males after
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puberty,· or in females after the menopause.
i

Insuff1c-

ent evidence has been accumulated to determine whether

or not this is a pluriglanru1lar disease.
Gonads
The assocration of obeeityw1th hypofunction of the
,:i:on.ads- has been known since antioui ty.

One has only to

ref er to the eunuchoids- or mention the ancient -science
of animal husbandry to prove this.

In the adult, cases

of endogenous obesity are due in a high pereentap:e to
gonadal dySf"nction .-

Many obese women give pregnanc7

as the onset of their obesity.

Masterman-Woods {71)

describes the distribution of the obesity in these cases
as t.rochanteric, as follows:
"In uncomplicated cases of hypogonad1.sm • the
panniculus adiposus is confined to the iliac crest,
mons, upper and outer third of the thigh. This includes the area extenaJng from just below the lateral- margin of the iliac ~rest to an approximately
eauivalent distance below tre Freater trochanter,
with its peak- onnosite the later bony prominence.·
The lower abdomen is also a favorite site. Sometimes there is fat deposited on the outer ends of
the upper ~yelids."
Apperman (1) points out that hypogonadism does not
cause obesity in the adolescent or young adult.

Re says

there are two kinds of eunuchoids; the tall type and the
fat type.

Many cases of obesity in the adolescent period

are blamed on hypogonadism, when in reality they should
be classified as Fr8hlich's syndrome with secondary
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dystrot>hy of the gonads.

.Apperman says that the chief

causes of hypogonadism in the male are malii;i:nancy, - operation, congenital anomalies such as_ ervptorchir'l isa,inflammations such as syphilis, gonorrhea, mumps, and
secondary to other endocrine dysfunction as in adiposogeni talis~
The et,.ol.ogy: of hyp()'ftonadism in the-female, according to· i:razier and Goldstein ·(78) are menopause, operation
and seoondary tcf>ther endocrine disorders, e.g• hypo or
hyperthyroid, hypOf¢tu1tary, and· insufficiency of the
medulla of' the adrenal gland.
novel-theory of obesity in

Kern (59) has a rather

Youn~

women, saying,

"It is very probable that a good dea1 of the obes!"'
1 ty seen in young women at the· oresent time is possibly
connected with restricted childbearing.

Suppression

of the n_atur.al function of reproduction and non use of
the female -resources for the-bearing and nourishment of
the fetus must be reflected in the release into - the
or~anism

of fluids and energies which can be utilized

only in the building of new tissue and ad1pos1ty."
Ogilvie (87) observed thab in six cases of hypofunction of the ovaries fthree oostoperative,- one pr1mary·hyp~las1a,

and two followinF repeated pregnancies,)

there was a decreased glucose tolerance in all cases.
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c.

He &uggested that this might contribute to the development of obesity in these cases.

However he did not check

bia observations on a similar non-obese

g~oup.

Pancreas
The fact that obesity might occur as the result of
dysfunction of the pancreas has never been definitely
established, 'But many authors, have suggested some J>OSsi ble connection.

For one thing, unlike the other

~lands,

tbe obesity does'.not.aeem to have a charaeterit:rtic distribution.

Therefore, dysfunction of this gland has been

postulated as a explanation for the mechanism in exo~enous

obesity.

The glucose tolerance cul'.'Ve, like the

basal metabolic rate in thyroid disease,. bas become the
standard for measuring pancreatic function, although,
again like the B.M .R., there is a similar alteration
in many pituitary lesions.
Joslin (56) was the first to suggest some possible
relationship of the pancreas with obesity because of the
frequency with which diabetic patients had a history of
of obesity.

As Joslin puts it,

"Diabetes is the penaltv of obeslty."
I.n the analysis of looo·or his diabetic,cases,
Joslin found that 77( were obese.

Many workers have re-

ported that in a certain percentage of cases, there is

Etiplos:r
a decreased tolerance to glucose, the so called prediabetic type of curve.

Paullin and 5a.uls (89) cite fif-

teen of twenty-eight cases of obesity which had such a
prediabetic curve.

Spriggs and Leigh (105) report on

one hundred cases of obesity in which
tolerance,.

2~

57~

had a normal

had an increased tolerance, and 23( had

a decreased tolerance.

John ..(55) studied twelve cases

and found that four of them had a prediabetic or diabetic
type o'f glueose tolerance curve•

Rony a.nd Levy (98)

found that in seventy cases, forty-four had a normal,
sixteen had a low, and ten had a hip:h tolerance for
p:lucose.

Rowihly these figures average about

60~

of

the cases of obesity have a normal glucose tolerance
curve,

20~

have a depressed curve, and

20~

have an

elevated curve.
From these observations, several theories as to
the

ori~in

of obesity have been proposed.

John (55)

says tpat the pancreas must be considered among the
endocrine·g1ands,the dysfunction of any of which may
be responsible for obesity of the endogenous type.
Hagedom, Holten, and .Tohansen (49) also feel that the
relationship of diabetes and obesity represents variations of tre same process.

Fowever they feel that it

is a tendency of the tissues themselves to convert
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carbohydrate into fat with little connection with the
pancreas (See section on Metabolism, respiratory quotient.)
Poulton (92) says that the pancrease must have some
role in the etiology of obesity because of the frequency
that diabetes occurs in the obese, the oredlabetic curve
that is seen in many obese persons, and the clinical
observation that patients suffering from prolonged cachexia gain w$ight more rapidly when insulin is given.

He

suggests that the development of obesity follows a vieious circle, somewhat like this:

o::;.-::·~;'-~
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Spence (104) observed that in old age, there is a
diminished glucose toleran.ce curve.

He felt that this

indicated that the carbohydrate storage became impaired
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as att,e advanced.
hts

calcul~tions

Ogilvie- (86) consequently rf3arranged
on the basis of age and the duration

of the obesity. ,He found that in cases of obesity under
eleven years duration, there was a normal glucose tolerance; after eleven

year~

duration there was a high

percentage of decreased glucose tolerance curves.
ing the first

fiv~

years of: the obesity, one-third of

the cases showed an increased tolerance.
Cle~on

Dur-

Ogilvie (86)

strate4 on a.utopsy material. that 1n the pancreas

of the obese and non obese subjects, there was,- in
the obese subjects, a definite increase in the size
but a decrease in the number of the Isles of Langerhau s.

From this work, Ogilvie concluded that in

~besity

there was a definlte hypertrophy of the Isles of La.ngerhaue_.,because pf the stimulation of increased ca_rbo'!"'
hydrate ingestion._ The extra insulin thus secreted
caused an increased appetite with the develoPlDent of
obesity.

After a prolonged period of hypertrophy, there

came a time when the islet tissue decompensated.

At

this time, diabetes is likely to develop. _This concept
explains the close relationship of obesity and diabetes.
However, there are several objections to this rather
ingenio':le theory of obesity.

Silver and Bauer (103)

and Gardiner-Hill (40) both point out that the sympt9ms
I
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of byperinsulinism are a tendency· to fits, low blood
sugar, with immediate relief by taking food.

Obesity

is uncommon in subjects in whom adenoma of the pancreas
fs'present.

The recently devised insulin shock therapy

used for schizophrenia has not produced 1obesity in
these patients, who are given massive doses of ·1nsul1n
six days a week for many-, months.

However, Poulton (92)

says that the objection that hyperinsulinism in the
obese should also cause insulin shock ta answered by
the fact that fat persons are in reality hyperthyroids.
Insulin shock is much harder· to producs 1ntthe hyper,,,;;,,

thyroid.
be~more

In experimental animals, insulin shock may.
readily induced following a thyroidectomy.

Wilder, Smith, and Sandiford (125) maintain that
the observation that insulin is a good fe.tting Sgent
is incorrect.

They believe that the fatting action

comes from· the increased appetite due to hyJ?oglycemia.
They report that in three·cases of endogenous obesity
losing weight on a reduction

d~et,

ti-.e use

ot 60 units

of insulin per day for the period of one month was not
effective in preventing the weight loss due to the re-·
du ct ion diet.
Rony and Levy· (98) feel that the inconsist•ncy of
the results on blood sugar determinations was too great

73

Etiolosy
•
to postulate any insulin theory of obesity.

Later, Rony

and Cheng (97) determined the level of blood fat preceding and after a fat meal and found an alimentary rise.
Then they injected insulin and found that in a starving
dog, there was no effect on the blood fat level, but after
the meal, the insulin prevented the normal alimentary
rise.

However, tbey found that the same effect could

be accomplished by the administration of intravenous
glucose.

The administration of epinephrine, which is

supposed to antagonize insulin, together with insulin
showed the same effect as the insulin alone.

From this

they concluded that the prevention of alimentary lipemia
by insulin must rest in the tissue cells themselves
because adrenalin did not check the action of the insulin.
They believed that an increased glycogen formation caused
an increased deposit of fat in the tissues.

Insulin

causes increased glycogen formation in the liver.

In-

travenous glucose has the same effect on glycogen form•
ation because it stimulates the liver by the rise in
blood sugar concentration.
Rony (96) also tried to demonstrate the relationship of obesity to diabetes, but in following the glucose
tolerance curves of twenty patients with obesity for
periods ranging from one to nine years, he found that
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none of these cases developed diabetes.

Repeated glucose

tolerance tests showed no change over their original
tests.

At least six of these patients did not ·restrict

their diet in any way.

Rony aue·stione strongly the re-

lationship of diabetes and obesity as Pointed out by
Joslin and others.
· Nervous Origin .Qf. Obesity
There is a very old idea and one discarded fora
long time by cl1n1c1.·an and 1aboratory worker alike that
th ere is a fat center in the-, brain that has to do with
the regulation of body weight, much as there are centers
in the brain for the control of temperature, vomiting,
heart rate, etc.

This idea of a central regulation of·

metabolism again seems to be evolving in the literature.
This theory postulates that damage to this center causes
a change in metabolism and allows the deV'elopment of
obesity.
P.E. Smith (lo6) showed that damaging the hypothal•
mus in the region of the tuber cinereum, without extirpation of the pituitary gland, resulted in a tremendous
development of obesity in rats.

For example, in the

case of two·rats, one of which was operated on soon after
birth, at the end of two months, the non operated rat
weighed 299 ~rams, while the operated rat we1ghe~40 grams.
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In the obese rat there was also extensive atrophy of the
sex glands.

Smith also demonstrated that the removal of

the pituitary gland did not result in obesity so long as
there was no damage to the hypothalmus.

Camus, Gournay,

and LeGrand (18) say that the nucleus damaged in the production of obesity is the paraventricular nucleusa
is one of tre 'four masses or
1

~cells

This

in the tuber cinereum.

Camus and Rousey (19) state that obesity never results
from a lesion confined to the pituitary, but -is always due
to a lesion in the tuber cinereum.
Cushing (25), on the other hand, believes that the
pituitary gland is most important in the development of
obesity.

He says that the confusion of symptoms is be-·

cause endocrine obesity is almost always a pluriglandular disease.

The pathology starts in one gland, and the

effe,ct of its altered secretion is to throw the whole

endocrine balance over so that bizarre effects not fitting into the symptom complex for any one endocrine gland
are often seen.
Carlson (20) also believes that pituitary obesity
should be called Qerebral obesity, because it is due
to some lesion in the hypothalmus, not to underfunction
of the pituitary gland.

Foster and· Benningboven (37)

repeated Smith's erperiments and were also able to pro•
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duce artificial obesity in rats,.
Bernhardt ( 11 )- believed that there was a weight regulatin-g center in the hypothalmus in back of -the tuber
cinereum which foPmed a uMy.:$\'b1L'bSi1<tfall. unit with the pit'

uita.ry gland.

He says, "Many lesions and changes in the

different organs are a.pt to
gaining

nl:~ll1r~

t~_a:t

out a tendency for

-

but weight will change only if the cen-

tral regulation fails."

te- the fact

brin~

Bernhardt points as evidence

ob-estty '1!omet1mes follows encephalitis,

and that only about 50~ of the es.-ses'.'>Of 'btlateral removal of the ovaries in young women resulted in the development of

obesi~y.

Mazier and Gold.stein (78) hold that Fr8hlich' s syndrome is due to a concomitant 1-nvolvement of the .pi tui~
tary gland and the tuber einereum.

They use as evidence

the fact that adiposogeni talis p.ystrophica occurs most
frequently in suprasellar tumors which press on the )lypothalmus.

They also point out that in Simmond' s disease

where the function of the pituitary gland'.1:s i:n part nestroyed by organic lesi-on, no obesity

devel()p.s~

·F6:fther,

the picture is one of acute emaciation,_ cs.chexia, and
death.
Brain and Strauss (75)

s~y

that ad1posogen1tal dys-

trophy may be encountered accompanying either a chromo-

r
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phobe adenoma of the Pituitary or suprapitu1tary tumor.
They say that either of these tumors results in an internal hydrocephalus, with the floor of the third ventricle becoming distended and nressing dowrnvard on the
sella turcica and the metabolic centers of the hypothalmus.

They say that it is hard to tell whether the pres-

sure is active on the hypothalmus or tine pituitary or
both.
Adiposis Dolorosa

(Dereum's Disease)

This syndrome is placed under the obesities of nervous origin because the chief symptom otter than the obesity is pain.

Its classification. and even its status

as a clinical entity, are much debated.
Dercum (28) first described this condition in 1892.
In describing his fourth case (autopsy) in 1902, he says,
"The patient is a single white .male, ai:te 39.

He is a man

much below normal stature, his height being only four
feet, ten inches.

He presents a striking appearance be-

cause of numerous accumulations of fatty tissue over the
entire trunk.

The abdomen is so pendulous that the gen-

itals are concealed as though by an apron.

Huge folds

of the fat also hang from the sides of the trunk.

The

deposits of fat in the arms are not as great as the deposits in the trunk.

This is also true of the deposits
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of fat in the thie:rhs and lep:s.

Everywhere these masses

of fat are exquisitely -painful to pressure.

The pain is

most pronounced over the left side of the trunk and left
shoulder.

The skin is dry.''

Dercum believed that his

disease was due to atrophy of the thyroid gland.
case however also showed marked

enlarge~ent

This

of the pit-

uitary, while th€l three previ()us cases had shown only
the thyr0id pathology.

All cases showed an interstitial

neuritis in.the fat·tissue.
Maddox (72) describes the clinical syndrome of this
disease, as follows:
1. Occurs at or near the menopause
2. Fat distribution--two types
a. LOealized

pai~ful

fatty tumors, occuring

mostly on the trunk and limbs
b. Generalized type

~1th

pendulous apron hang-

ing from abdomen and thighs.

3. Pain--varving from occasional tenderness to
constant agony.

4. Pemorrhages, ecchymosis 1 absence or profusion
of sweating--symi:>athetic nervous system.

5. Mental feat11res--asthenia, depression, melancholia
instability, epilepsy, mental confusion, and true
dementia.

6. Deflnite family history.
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The theories as to the etiology of this disease are
numerous. A4cdrd1ng to Maddox(72), they are:
1. The lesion is a subacute focal inflammation in
the fat with peripheral neuritis secondary to infection
elsewhere.

A complex network of-nerve fibers can be de-

monstrated around the. fat cells.
2. The di seaae may be a -de-rangement of the diencephali c centers con-trolling fat metabolism.

There is also

a derangement of the supra.renal gland to account for
the asthenia, and some pathology in the thalmus to account for the pain.

3. The disease may be a thyroid or pi tu1 tary dysphagia of unknown nature .
.-Wilson (127) states that this disease is not a
clinical entity.

It is a 11pomatosis or simple obesity

associated wl th a neurosis or neurasthenia.

He reviews

the literature finding 16 eases reported with autopsy.
Two of these cases showed no change in the ductless glands,
eight showed pituitarv changes, twelve showed an abnormal thyroid, nine sholJed sex gland involvement, and three
showed suprarenal involvement.

Cushing (25) believes

that this condition is a menopausal disorder.
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Because it is· a human characteristic to blame the
furnace instead of the stoker, and because of the oft
repeated observation that in spite of the fact that we
all overeat, but only a small percentage of us become
obese, a great many investigators have turned their attention to the operation of the furnace, i.e. the study
of the metabolism.

The great bulk of this work has been

to determin~what
differences, if any, can be demonstratJ
ed between the metabolism of the obese and the normal
group.

Some detenninatione of the metabolism in the

underweight must also be included because, as seems
logical, obesity and thinness represent but two extremes of the same problem.
This question has already been discussed briefly
under the section on the exogenous nature of obesity
under etiology.

In this section, the same problems

will be presented in greater detail, giving the experimental proof for the various theories.

This sec-

tion will include a discussion of the basal metabolic
rate and possible modifications of it, the specific
dynamic action of the food, the respiratory quotient,
water and salt metabolism, and the much debated auestion of luxus consumption.
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Because of the popular belief among both the laity
and physicians that obese people are frequently "small
eaters," but have some mystic power of handling food
more economically than the normal persons, a good many
investigators

h~ve

studied the problem of the basal met-

abolic rate in the obese in the hope to demonstrate that
the combustion process was lower in them, and that they
therefore developed excess weight on the normal caloric
intake.
The early work in this field is not very reliable
because of inadequate methods of comparing stout persons
with normal controls.

DuBois (31) says that in deter-

mining whether the heat production of a stout individual
is above or below normal, there is obviously an error if
the total oxygen consumption 1.s compared with that of
smaller men, because a large proportion of the tissue
cells of the fat individual are nothin~t inert fat
which probably has little or no active metabolism.

The

error is only a little less marked if kilograms of body
weight are used.

The surface area seems to give the

best method of comparison.
Up to .1915,

Germ~n ~nvestigators

did practically

all the work on obesity, and they used Meeh's formula.
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lleeh's (82) formula is as follows:
Wt. in Kg. 2 /3

x 12.312

=

sq. decimeters of
body surface.

DuBois (31) points out that Meeh's formula is unsatisfactory for comparison of normal and obese persons because it neglects the factor of height.

It is obvious

that a thin man, 6 ft, 2 in. tall, weighing 165 pounds,
would have a much larger surface area and a greater metabolism that a stout man of the same weight, who is only

5 ft. tall.

The same criticism applies to all formulae

based on weight alone.
DuBois and DuBois (32) in 1915 devised the linear
formula for determing surface area, thus:
Surface Area

-

w<J.425

x

x 71.84

Where
w:...-wt. in kg.

H--ht. in cm.
They showed that this formula checked within 1.7% in
normal persons, and in one obese woman checked to a
plus 2%.

They also devised a height-weight chart, that

also checked to about 2%, slightly less accurate than
the formula.
With DuBois'e more reliable linear formula at hand,
many investigators attepted further studies on the basal
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metabolic rate in the obese.

In 1902, Max Rubner (100)

had already compared the metabolism of a boy who was
obese with that of his brother, who was
but thin.

~

year older,

They were the children of parents of small

means and would not naturally be overfed.

Each boy was

given a maintenance diet (one which·:·,balanced bis metabolism without adding to or substracting from his body
weight.)

The general results of this oft quoted ex-

periment are given below:

II

1'1.,0

These tables show that the fat boy actually had a higher metabolic rate per square meter than did his thinner
brother.
Means (81) using DaBois's formula compared the basal metabolism of each subject with an appropriate standard for his age and sex, and noted the percentage variation from the standard.

The first group contains sub-

jects less than 60( overweight, and the other over·
overweight.

In the former group the actual metabolism

is only 0.3( below the average.
60~

6~

In the group, more than

obese, the basal met . . bolie rate-is

2.3~

below stand-
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Boothby and Sandiford (13), ili treir remarkable
summary of the basal metabolic date on 8,614 cases,
showed t1'lat. in 94 eases of obesity, 80( of the females
and

83~

of the males fell within the normal range (be-

tween plus and minus 10'(.)

They compared these results

with 102 cases of normal individuals in good health
and found that 95( of the females and 90'( of the males
to be within the same normal range.
obese cases were below minus
between minus
Strouse,

16~

and minus

~ang,

20~,

Only two of the

and three cases were

20~.

and Dye (112) have compared the bas-

al metabolism of normal men and women with a large number
of underweight and

~rossly

overweight persons.

They

found practically no difference in the calories per souare
meter of

surf~ce,

and came to the conclusion that neither

exc·essive underweight nor excessive overweight is associated with constant change in basal metabolism.
Strang and Evans (108) believe that a minus basal
metabolic rate never ocours in obesity, because basal ·
metabolio rate calculati·ons should be made on the ideal
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surface area (as if the patient were of normal size and
shape according to age, sex, and height) instead of the
actual observed surface area.

Like DuBois, these auth-

ors believe that fat is inert tissue and not active in
metabolism.

Their results calculated on tbis basis show

that an obese subject,

83~ overwei~ht

29~

with a

ed surface a.rea, used 73 ·calories per hour or a

increas26~

ex-

cess over the amount calculated on observed surface area.
They studied seven other s1;bjecte with similar results.
When these patients were put on a re&1ction diet, they
showed a drop in B.M.R. in most cases.

Normal persons,

out on the same reduction diet, showed a much
drop in B.M.R.

~reater

These authors concluded that the drop

in basal rate in the obese was much less than in the
normal because it represents onlv a drop to the normal
level of these patients before .they became obese.
Rony (95} ,il\·•studyinp fifty eases of obesity,
also calculated their basal metabolic rates

accordin~

to ideal surface area, and, of course, found that it was
always elevated.

He

sup;~ested

that these determina.t1ons

should be called the basal metabolic ratio.

He pointed

out that lean persons always have a nei:ra.tive·ratio,. while
obese persons always have a pos1 ti ve ratio.

Rony, how-

ever, claimed that fat was an' active tissue with· active
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metabolism, and also believed that the increased work of
the heart and respiratory muscles was important in this
increased rate.
Wohl and Et.telson (129) found in the study of the
metabolic rate in 52 cases of obesity, that the distribution in the various percentages was so irregular as
to be of' no use in det,ermtning t'he etiology of the condition.
The tneory that the basal metabolic rate is lowered in obesity hRs been definitely disproven since the
establishment of reliable stqndards in 1915.

Rep:ard-

ing the idea that tre B.M.R. is always elevated when
calculated on the ideal surface area, t11is writer feels
that the

.
supporters

of this idea must first prove the

inertness of fat tissue in metabolism.
Modifications

.2! 1h!

Basal

~etabolism

The mere determination of the basal metabolism of
subjects who are already obese is in many cases purely
static in its nature and gives us only the end results
of an obese condition already established.

Determin-

ations of the ..E.M .R. are made fourteen hours after the
last food was taken •)1'J'esumably at a time when there
1 s 11 t,tle active deposit of f'at.

there is no ·oonstant

eban~e

As was shown above

in the metabolic rate in

f
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the obese.

The question then arises that granting the

obese person has no abnormality in his metabolic rate,
does he derive more energy from an identical a.mount of
foodstuff than the non obese, or does he possess the
ability to handle his food stuff more eeonbltt.eally in
its combustion in muscular exercise?
In regard to the second of these auestions, Gassler (42) found that obese persons have a greater mechanical efficiency in performing a piece of mechanical
work.

He determined tr.e metabolic rate (by the oxygen

consumption method) on thirteen normal and eight obese
patients before and after the performance of a piece
of mechanical work on a special kind of hand apparatus.
His results showed that the obese group (which ranged
in age from 16 to 44 years) had an

18.2~

to

28.1~

mechanical efficiency, while the normal group (age 17
to 44 years) had a mechanical efficiency of only

15.2~

to 23 .5%.

Powever, because of tre common observation that
fat people "have to be good natured because they can't
run and they can't fight," Wang, Strouse and Morton
(120) also compared the muscular efficiency of the obese
and normal individuals.

In a series of careful studies

on twenty-seven obese women, nine normal women, and
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s·even thin women, they determined the metabolic rate in
the post-absorptive condition, and during and after exercise on a bicycle ergometer.

Their

re~lts

showed that

the obese group had a lesser mechanical efficiency than
the normal and thin groups, and also that there was a
decrease in mechanical efficiency as the percentage of
-obesity· increased.
G,.ou[>

Their .results were as follows:
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Continuing their studies, Wang, Strouse and Smith
(121) investigated the effect. of fatigue on muscular

efficiency in the thin, normal, and obese groups.

They

allowed their subjects to ruft the bicycle ergometer until they felt tired.

Then their metabolic rate was de-

termined and the length of time on the ergometer noted.
They found that the mechanical efficiency iri the obese
group dropped to
and in the thin

19.l~,
~roup

in the normal

to 23.1(.

~roup

to

21.3~

However the normal

grou1' showed a p:reater degree of endurance-than the thin
and obese groups; the endurance in the normal group being 22.3 minutes, in the thin group 15.4 minutes and in
the obese

~rou"D

7.i minutes.
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From these two papers, Wang and Strouse concluded
that Gessler's theory of economy of energy by the obese
during work could not be supported.

They suggested that

Geasler' s results might be due to the fact that his subjects were thoursh17:tiramea""?de-f ere
0

Anot~er

1'he'·exp~11Jtent.:t.

interesting theory of the effect of mus-

cular work on the metabolic rate of overweight persons
was postulated by Bernhardt (11).

In measuring the bas-

al metabolic rate at short intervals throughout the day
he found that there were periods when it was markedly
less than in the norning (the- usual time for basal
metabolic determintations.)
''.negative phases."

He called these periods

Pickworth (90) also noticed these

periods in studying the basal rate on normal s.ubj ects
during sleep, reading, partial attention to surroundings, normal diet, while sittin.P: in an easy chair with
voluntary relaxation, and during periods of irritation.
Bernhardt studied in particular the ef'fect of exerciee on the metabolic rate, and constructed a chart
from hi.a results.

fSee Fig. 1.)

Bernhardt states that

these negs.ti ve phases ·occur most noticeabl.J in the time
following light muscular effort and after certain foods.
Heavy labor shows no such results.

These negative

~bases

all last longer than one or two hour's, and so may be
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very important in the ene r gy intake a nd energy outgo
b a lance of the obese individual.
sons also show t h ese

n e~ative

onnal and thin per-

periods, but not so fre-

quently nor so ma rkedly as th e obese patient does.
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egat1ve Pha ses in ~ ~ etabolisrn
(after Bernhardt (11) )

Bernha rdt explained his theory on t h e following observ a tions.
1. The c linical observa tion that many obese patients

f a11 to lose weight on diets in sufficient to maintain
even their basal metabolism.

He auotee a case of obesity

that failed to lose weight on a 1500 calorie diet with
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fluids restricted to 800 cc and salt limited to 7-8 grams.
Frequent basal metabolic determinations on this individual
showed many shallow but prolonged negative phases.

Thia

subject also attempted to aid in his reduction regieme
by walking several miles to and from work each day, the
very kind of light muscular effort which is prone to cause
these negative phases.
2. The clinical observation that many persons lose
weight better on a low calorie diet and rest instead of
a low calorie.diet and lip:ht exercise.

3. The clinical observations that convalescents
from disease in which there has been a mark.ad wasting
process show a rapid gain in weight.

Bernhardt says

that this last group show even more profound periods
of negative phase than the obese group.
Wilder,

~mith,

and Sandiford (125) attempted to

duplicate Sernhardt's experiments.

In a careful study

of six obese cases, they found negative phases in one
instance where the tightness of the mask was questionable, and on two occasions when the routine morning
basal metabolism had been higher than tbe average for
these two subjects.

They cornparr d both light muscular
0

effort (flexing each leg twenty times on+the abdomen)
and heavy muscular effort (peddling a bicycle ergometer

92

Metabolism
for twenty minutes.)

Neither experiment showed any

evidence of negative phase except the.three questional
in stances mentioned above.
Wang, Strouse, and Smith (122) prolonged their metabolic determinations after exercise for thirty minutes
and found that in all three groups (obese, normal, and
thin) the ·average heat production was within
normal after that time.
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Benedict and rarpenter (8) in tl:.eir original and
early work on basal metabolic determinations, pointed
out the difficulty of the determining the true base
line in.basal metabolism studies.

Benedict says, "As

our own unfortunate experiences only too frequently
s"'ow, it is imperative that trained subjects be used,
tha+ there is an absolute absence of external muscular
activity, th t the subject be awake, that the measurement of the basai metabolism and the metabolism after
ingestion of food occur on the same day, and that there
is a careful check on the inaccuracies of the apparatus,
includiri~

spirometer, valves, face mask. etc."
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Examination of Benedict's tables show no evidence of
nep:ative phases after meals consisting of beef tea, carbohydrate, or fat.
Strani:i:, and McClugage (109) report a negat1 ve phase
in two of their normal an0 three of their obese eases.
~owever

this depression did not occur in any case until

five to seven hours after

t~e

inFtestion of food.

Also

the maximum drop was only 1. 7 calories or about 3( in
the B .M .R.
dence of

'rbese authore conclude that there is no .evi-

ne~ative

phases in the obese subjects, and the

apparent depressions found by Bernhardt and by themselves were due to abnormal elevation of the base line.
Benedict hBs already been nuoted

regardin~

the difficulty

in deteirroining this base line.
This writer is inclined to agree with later authors
than Bernhardt's idea is unsound, and due to an elevation
of the base line.

R.egarding an increased muscular er-·

ficiency, one has only to watch a fat women struf"Fling
up some stairs or a fat man running.for a street car to
disprove this theory.
Specific pynamic Action
In the previous section,· the

quest1oE~was

raised

regarding the ability of the obese to use their food
stuff more efficiently than the normal, and it was
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concluded that they possessed no such special ability.
Thie section will consider the other possibility, i.e.
does the obese person possess the ability to derive more
calories from the food stuff during its ingestion and
deposition in the tissues?

The most common method of

answering this question is a comparison of the specific
dynamic effect of various foodstuffs in the obese and
normal subject .
Rubner (100) first showed that extra heat was produced during the digestion and oxidation of protein,
glucose and fat.

He showed that this heat was waste

heat and could not be utilized by the organism for the
prodnction of muscular work; in other words the amount
of energy that was necessary to perf'orm the work of
ingestion and metabolism of the food.

Mason (75) gives

the following values as the normal specific dynamic effect for the various foodstuffs:
Protein

-

Carbohydrate

Fat :

20.46~

=

of the calories ingested in the
first four hours after the protein meal.

4.9( of calories ingested in the
first four hours after a
carbohydrate meal.

5.2( of calories ingested in first four
hours after a fat meal.

Jaouet and <:'.'.venson (54) in 1900 first observed a
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diminished soecific dvnamic action in obesi tv.

In three

cases of obeaitv a mixed meal, they showed that the

rise

in heat production wa.s less a,na of shorter duration than
in their normal controls.
Rolly (94) was fortunate enoup;h to make a double
inaividu~l.

test on tbe same

µe determined the extra

heat uroduction following a test meal of 1000

raw meat and the yolk of one
obesity devf!louea.

of

both before and after

The basal metabolic rate was unchang-

ed in the two teAts.
feet was

e~~

~rams

However, the specific dynamic e:f-

decreased after the individual had become

m1J.ch

f,qt. (See Fig. 2.)
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Figure 2. Soecific Dynamic Effect before
aftP.r ~beslty develo~ed.
(Aft.Pr Rollv (941 )
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A diminished specific dynamic action was also noted
by Plaut (91).

He studied twelve cases of constitution-

al obesity, giving them a mixed meal containing 200 grams
of minced beef, 50 grams of fat, 200 grams of bread and
500 cc of coffee.

In eleven of these cases, he found

a decreased heat production as compared with the control
group.
This subject has been studied in some detail by
Wang, Strouse and Saunders (118).

They found that in

the obese subject the greatest depression of the curve
of extra heat production following pure meals occurred
after the administration of protein.
ively sltght changes between
~roups

t~e

They found relat-

thin, normal and obese

after carbohydrate and fat meals.

They studied

twelve cases of obesity, five undernourished cases,
and five normal cases.

Metabo1ic determinations were

made with a Tissot apparatus at two hour intervals for
eight hours following protein, carbohydrate, and fat
meals.

A basal determination was made in the morning

before the meals.

The composition of the meals were thus:

I Protein Meal--32-66 grams of minced meat
II Carbohydrate Meal--100 grams of sucrose in 50-cc
Lemonade
III Fat

i~eal--20~

cream and butter on 50 grams toast

(See the results of these exl;>eriments, Fig. ':5.)
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Soecific Dynamic Effect after Pure Heals
(After Wang, Strouse, and Saunders
( 118) )
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Concerning this specific dynamic effect of protein
in the obese, these authors say, "After ingestion of
protein, obese people have a tendency to derive their
energy from carbohydrate, where thin and normal people
use less carbohydrate, than they do in the resting cond1 t1on.

Calories derived from fat in the obese tend to

decrease after the meal, but show little change in the
thin or normal groups.

These two latter groups, how-

ever, show a decided rise in calories derived· from protein after the meal.
affected in the obese.

The protein consumption is little
This confirms our previous find-

ing that there is very little specific dynamic action
of

pro~ein

in obese people."

Mason (74) also reports a diminished specific dynamic effect after a protein meal.

Nine normal ·cases

showed an average specific dynamic effect of 20.8%,
while ten cases of simple obesity showed an average of
8.96~.

None of these ten cases was over

15~.

One case

included in the obese group was a man of normal weight
who had reduced two years previously.

His increased

heat production amounted to 6 .1%, showing that this
type of reaction tends to persist even after returii
to normal weight.

Mason also found that in five cases

of obesity- with clinical evi·dence of hypopituitarism,
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the average specific dynamic effect was only

6.1~,

thus

1nd1oattng;that this effect occurs also in the so called
endogenous group.
r,~ason

(75) also studied the specific dynamic ef-

fect in six cbildren su-"fering from malnutrition.

He

found that the specific dynamic effect for protein varied from 16 to 3~, fo1' fat from 25.4 to 47.6~, and for
carbohydrate from 8 to

50.~%.

All of these figures

show an increased action of heat production in undernutri tion.

Re-checks after they had regained normal

wa1ght showed normal values.
Bernhardt (11) also found a marked decrease in the
specific dynamic action of food in obesity, but he found
that sometime there was a normal.value, especially in
those cases that offered symptoms of the hypofunction of
the gonads.

Bernhardt feels tpat his resnlts were not

consistent enough to account for obesity on this basis
alone.
On

the other hand, many careful workers hlt•e ·failed

to obtain evidence of any real change.

As Strang :and

McClugage (109) have po1nted out, on an average caloric
intake of 2500 calories per day, the specific dynamic
effect amounts to about

6~

or·l50 calories.

This ex-

cess amount of calories is not·suff1c1ent to account
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f'or the development of obesity in ten or fifteen years.
To explain obesity on the basis of a diminished specific
dynamic effect would require a drop at or near zero per
cent.

If such a drop were present, it would be easily

demonstrable.
DuBois, Spencer,

!.~cClellan,

and 'Falk (33) found

that the average heat production.after the ingestion of
a protein meal amounted to

17~

on the average for three

normal men, ana 13':( on the average for four obese men.
Powever, it was observed that the curve of heat production was more uniform in the normal than in the obese
group.

In tre obese cases, the heat production often

surpassed the normal cases after the fourth hour.

Du-

Bois, et al. concluded that while the obese man responds
to protein more irregularly than the normal man, his
extra heat output is not significantly different from
the nonnal.
Strang and :McClugage (109) concluded that the

de~

velopment of the various nutritional states is not the
result of variations in the ouantities of extra heat
produced by the food in. these

individ~als.

They stud-

ied five normal cases, five thin cases, and eight obese.
They gave a mixed meal, consisting of Protein 40 gm, .
Carbohydrate, 52 gm. and Fat 25 gm.

They followed the
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the heat production for ten hours and found an average
increase of 153 for the thin subjects, 113 for the normal, and 83 for the obese.

Vore important, however,

they felt was their observation that the peak of the
specific dynamic action seemed to appet:lr within the
first hour in the thin and normal group and not t11
the second bo•.i. r in the obese group.

The effect of this

on the anpetite has been already discussed in
tion on

Etiolo~y.

t~e

sec-

(See Fig. 4.)

Figure 4. The Rate of ~oecific Dvn~mic Action
in the Normal, Thin, 0beRe.
7From Strang and ~'cClugag.e ( 109) )
Bernhardt (11) also noted that the s1edific dynamic
ef'fect occ11rred later in the obese grouo.

~trang

and
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McClugage believed that the specific dynamic effect
should be calculated on a basis of ideal surface area
instead of observed surface, in which case the thin would
have. a decreased, and the obese would have an increased
heat production.
Bowen,

Griffit~,

and Sly (14) studied the effect

of a fat meal (P 2.7, F 128, C trace) on twelve normal
cases, twenty cases of obesity without diabetes, and
eleven cases of obesity with diabetes over a five hour
period.

There results were as follows:
12 normal eases

26.15 cal.

20 obese cases

25.25 cal. S.D.A.

S.D.A.

11 obese cases
33.60 cal. S.D.A.
with diabetes
When they recalculated their figures on the basis

·of surface area per hour instead of actual heat rise,
the norn·al cases showed a 30( .rise in heat production.
They concluded, however, that a fat meal had no remarkalbe difference in effect in either the obese r,or normal
group except in tho·se cases of obesity with diabetes.

They made no attempt to explain the difference in the
eases with diabetes.
~raefe

( 45) says, "It is apparent .that as far. as

specific dynamic effect is concerned, only a few isolated cases of obea1 ty can be explained j,n this way •.
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If we assume that the dynamic effect· in an individual
who continues to take the same diet falls from 20 to
10~

and assume a period of ten hour when. this is effective,

the difference would be insufficient in itself to permit a
year.

~ain

of seven to eight kilograms of weight in a

Both of these values are within normal limits."
It is difficult to evaluat'e the specific dynamic

effect in relationship to the development of obesity.
Too many authors have found it to be depressed to say
that it is not affected.

However, because this de-

pression is usually never more than five or six percentage, this writer is inclined to agree with Graefe
that the degree of lowering is insufficient to account
for any marked increa:se in weight.
Respiratory Quotient
Some authors have postulated the idea that depress ion of the specific dynamic action of food as a possible
explanation of the development of obesity is of little
significance because it represents only the effect of
an abnormal kind of diet, (High fat, High protein, etc.).
They suggest rather that the development -of obesity. is
more due to an increased tendency ot the obese person
to transform all varities of foodstuff, especially carbohydrate, 1.nto rat.

Their ·studies have· been more con-
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cerned with the distribution of energy production after
food, and these investii:i:ations were carried out by observations on the respiratory quotient in both obese and
normal groups'-'
Lvon. Dunlop, and

~tewart

(71) determined the res-

piratory auot1ent ii::t many normal !?nd obese cas-es on a
mixed diet.. 1'hey determined that t"'e average normal
R o. was 0.795.

DuBois (31) p:ives 0.830.

In a series

of thirty-four obese cases on a mai0tenaee diet of 2500
calories, these authors found an average respiratory
nuotient of 0.775.

When these obese oases were put on

a reduc-'-ion diet of 1000 to 1200 calories, they foundd
an average ·res-oiratory auotient of 0.721.
the conclusion that this low respiratory
obesity could mean only one

thin~,

They drew
quoti~nt

in

incomplete oxidation.

The only factors that could account for a low. R.o. is
a transformation of the protein and carbohydrate to fat
before it was metabolized by the body •.
oxidation of ca:rbohydrate and protein.

1~•.

incom"Dlete

They continued.

their calculations to show that, when the protein 'fraction of the respiratory.quotient was ruled out by determing urinary nitorgen and the non-protein respiratory
quotient, according to the tables of Lusk, the average
respiratory ou·otient was found to be

(JL TO?.

Thus the
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ch1ef factor in the low

R.o.

in obesity was due to in-

creased transformation of carbohydrate into fat.
Bernhardt. (11) noted that the respiratory quotient
was di!nintahed in his obese subjects, but also found
that in some.cases that it

wa~

normal or elevated.

He

suggest·ed that in those cases of obes1 ty with a high R. o.
tbepe was a marked tendency to save fat tissue and to
synthesize carbohydrate to form fat, and hence a bad
prognosis as to the result of reduction diet.

He ob-

served that patients suffering f'rom the pituitary and
cerebral types of obesity had a marked tendency to have
a low respiratory quotient.
Hagedorn,Holten, and Johansen (49) also postulated
the theory that in the obese there was a higher rate
of transformation of carbohydrate into rat.

They ob-

served that when obese persons.were. given a high carbohydrate diet there was a high R.o. immediately after the
carbohydrate meal and lower than normal respiratory quotient the following morning in the post absorptive condition .. In twenty.normal cases, they found an average
post absorptive respiratory quotient of 0.864, and in
th1rty:-three obese cases, an average R.O. of 0.816 ."

Wang, Strouse, and Saunders, (119) also studied the
distribution~f energy production after ~ood.
1

They de-
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termined the respiratory quotient under basal conditions,
then fed protein, fat, and carbohydrate test meals, and
determined the R.Q. every two hours for eight hours.
From these values they determined the non protein respirator$.

q\)ot1@~·~

.

.

.

.in an effort., to det.ermine whether

more fat or carbohydrate were being burned.

Their re-

sults were recorded as percentage calories of protein,
carbohydrate, and fat used, as follows:
Group

M~.1
After t1.. 1

ProTein

B•••'

Obe.s.._ C<i'>

2..5" .,.

Th ,·n (B)
N <)r..., 4 1 {S")

10 ~
2.D

70

18 "'·
3 Ii ']<.,
l.>?., '.

C: 4r bo>wJr.tc)ll.. /
Aftern••,

a.. ~ ..1

It. "I.
J..7 "l.
l..7 ~

Ji.(,,%
2.9 "·

:Jot 3

F ._, fVI e<1.I
13..~ .. ,
Aft..-/"/..

<.o 1.

Jj.(. .,.

f.

!i I

?.

so f.

ii/

'lo

fiO

These figures correspond to HagedQrn 's et al. results
showing that the respiratory auotient rises in the·obese
very markedly after a carbohydrate test meal.

The fat

test meal shows a decided drop in the pe.reentage of fat
used.

These two factors, according t"o these authors,

indicates the tendency of fat people to stor.e carbohydrate and fat, and their

tend~ney

to

b~

economical in

the metabolism of that fat once formed.
Bowen, Griffity, and Sly (14) determined their average respiratory ouotients in the normal and

obese·~roups;

finding the average normal nlue to be o.825, and thee
average obese· value to be 0.767.

They fed a· high~ fat
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meal (F 128, P 217, C trace) to six thin, six normal,
and thirty-one obese individuals, with the following
results:
f

Gr-oup

Tk;.-.
Nor .... , I
0 beae

A'~'"'r

•s"tu·• a

I llr.

F' •T

M~a

I.

:z...1-1 ...

3 J.I r.

0. 8:1.!>

o.

o. 8:t.lf.

o.aoo
o.soo

0.810

o.s~.r

o.

0. 7(,, 2..

0.80!>-

0.790

'7 i.s-

~ :l.lf

O.fJ/0

From these figures, Bowen et a.1·. concluded that because
'

'

both groups tended to approach an R ... Q. value of 0 .800
both derived

the~r

ex.tra energy for the specific dynamic

action from the combustion of similar mix+ures of carbohydrate and fat.

This conclusion is opposed to the theory

of Strouse et al. (112), who believe that the obese person tends to burn carbohydrate and spare bis fat tissues.
Bowen admits that bis results are difficult of interpretation, but feels that the fat meal requires a certain amount of carbohydrate to be

libera~ed

from its

store house.
Regarding the effect of exercise on the respirato.ry
quotient in the obese, Wilder, Sipi th, a.nd Sendiford (125)
found, as might be expected, that the respiratory ouotients were elevated during or immediately after exercise
but were lower than normal while resting or while on
red.Uction diets.

They explained this on the ba'sis of· .
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a ou1ckened ventilation and conseriuent removal of carbon dioxide from the blood.

The return of the respir-

atory quotient was usually complete within thirty minutes after exercise.

Wang, Strouse., and Smith (122)

also report a. lower value for the R.Q. during' rest and
consequent elevation after exercise, as follows:
Group
Obas<!,,,
l'•/,0 ........ 1

Th.in

o .. ,, ..,
0 . ., " "
{). 'l!i.0
0.7~7

Dunne

E: X~!'-;S e

l .S- '"•""· a fTc-

E'")lerc.1$e.

3'o """"'-

a f'"t"'e ...

E1ic,<"'c1:.li~

o. 8 fl'f

0. 92.l.

o. ?If~

o. 'l<l.. /

0. ?'IS-

0."171

o.

0.1:1.a
0. ?'f'J

83'7

Stewart, Gaddie, and Dunlop (107) showed that the
respiratory auotient rose from the normal va.lue to about
unity for amounts of work up to 5000 kiloi:tram meters,
and thereafter fell steadily with increasing amounts of
work.

Further analysis, eliminating the protein R.Q.,

showed that the protein was not used, and that carbohydrate was used at the onset of exercise and fat at
the end of exercise.
Krantz and Means (63) attempted to accentuate the
difference in the basal metabolic rate between the normal and obese individual.by the use of epinephrine.

On

the basis of the observation that thin people are nervous and emotional., and fat ones seldom so., they believed
that psychic stimuli should cause a much more marked elevation of the metabolic rate in tbe thin person than in
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the obese.

They used inj actions of adrenalin as a

trolledn psychic stimuli.

O .6

~con

mgm. of epinephrine were

injected and the B.M.R., respiratory rate, R.O. pulse
rate, pulse pressure were taken at 10, 20, 30, 60, 90.
120, and 150 minutes after the injection.

Although there

was no significant difference in the basal metabolic rate
as the result of this experiment, there was a marked difference in the percentage elevation of the respiratory
quotient.
11.2~

In ·the obese vroup the elevation was only

and in the normal group,

19.6~.

These authors

believe that this indicated that the increase in metabolism in the obese is met by a relatively greater oxidation of fat and less of carbohydrate than in normal
people.
Stimulated by these experiments, Krantz and Means
(63) studied

th~

effect of epinephrin on the nartition

of food stuffs in the obese and normal.

The1T results

were as follows:
1. Protein--no effect except with massive dose
2. Fat and Carbohydrate

a. Pre-inj action period
1. Obese--fat metabolized more than .carb.

2. Normal- "

"

b. 10 min. after injection

eoual to

ti
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1. Obese--fat metabolized equal to carb.
II

2. Normal- "

less than "

c. 60 min. after injection
1. Obese--same as preinjection period
2. Normal-

"

11

tt

u

Krantz and Means explained these ·results in this way, "The
epinephrin stimulates the liver to give up its glycogen.
Tr e obese have a di mini shed p.:lvcogen reserve so cannot
respond as well as normal persons do. · Therefore, their
respiratory ouotient remains lower.

Just what ca.uses

a decrease in the glycogen storage in the liver of the
obese and a correspondinF increase in fat deposition in
the liver is not clear."
The depression of the respiratory quotient seems
well established by all of these authors, but their interpretation of it seems to differ. greatly.

It seems to

this writer that the respiratory quotient is lower in
the obese persons because he has a greater proportion
of fat to live on than the normal person.
Iuxus Consumptiop
The discussion of the effect of the ipgestion of
food in. the obese person cannot be completed without some
consideration of the interesting theory of Graefe's :which
he cho$e to call lu:xus consumption.

Exeess nutrition
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is the most common occurrence in our modern civilization.
It can be truthfully asserted that most people eat much
more than they require.

Many authors have therefore

raised the question, "Why, then, is obesity not much
more common?"
One of the most astonishing facts in the realm of
nutrition is the abil1 ty of the healthy individual to
keep his weight at a constant normal ievel not varying
so much as a pound for ten or twenty years, in .spite of
wide fluctuations in caloric intake from day to day.
The organism must possess some defense mechanism which
'

prevents great accumulation fat.

Obesity must be due

to the break down of this mechanism.
There are two common explanations regarding.this
mechanism.

Most authors believe.that this fine adjust-

ment of energy intake and outgo depends on the appetite
and the feeling of satiety.

They say that exogenous

obesity may be due to faulty habits of appetite, and
that

endogenou~

obesity may be due to the inhibitory

effect of certain endocrine secretions on the action
of the appetite and the feeling of satiety•

However,.

many.more authors have attempted to explain this phenomenon of gain in weight on a decreaseq ability of the
foo<1 to stimulate:"'.'. metabolism and c'onaequently leave
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more calories to be deposited as fat, or a peculiar muscular economy in obese persons which enables them to
burn calories more completely thus deriving more energy
from them with a consequent excess of calories.

All of

these factors have been discussed above.
Graefe.and Graham {46) in 1911 postulated a new
theory which they called· "luxus consumption."

Benedict

(8) in a very detailed study of the effect of prolonged

_fasting, showed that there was a striking tendency for
the basal metabolic rate to decrease as the fast pro~ressed.

In a careful study on a human subject who fast-

ed for thirty-one days without taking any food at all
excep_t· a minimum amount of water, Benedict showed that
his basal metabolic rate, calculated both by the direct
and by the indirect method fell steadily until the twentieth day of the fast.

From that time on until the end

of his fast, the basal rate was maintained at this new
low 1-evel.

This decrease in the basal metabolism is

another of the highly specialized protective mechanisms
of the body.

Because there is an insufficient· energy

intake, the body metabolism adapts itself to this new
I

condition by lowering the rate at which food is metabolized.

As the nutrition is improved, the metabolic

rate 'rises to its original "norma1"' 1 level.
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Graefe (46), therefore, postulated the idea that,
if the body is able to adapt itself to continued under-

nutrition by a fall in B.M.R.,

then the body must also

be able' to adapt it'self to continued overnutrition by
an elevation in the metabolic rate.

He called this rise

im metabolie, luxury consumption or in German "luxus
konsumption." ·.In normal indi Vi duals, luxus COnSU!Dption
is one of the normal physiologtcal body processes.

But

in the obese person there is a diminished or even totally absent luxus consumption.

Thinness may also be

explained as an overactivity of luxus consumption.
Graefe (45) in his text book describes the work
of some of the early authors in the field of metabolis•,
indicating that they also h9d found evidence of luxus
consumption.

Frerichs and Lehmann (38) in 1846 said

that any protein over and above the amount renuired by
the muscles was s.uperfluous and that it had to be burned iFlmediately ~ury consumption."

They even called this· phenomenon "lux:B~schotf

and Voit. {10) in .186() in

their work on nitro~en balance disproved t:bls . id~a: that
all the proteil'l ingested_ bad to· be bUrn_ed _immediately.
They showed that part of the _excess protein at least
was stored in the body as fat.

Rubner (100) 1n 1902,

who first described the specific dynamic action of protein,
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showed that continued surplus ingestion of protein continued from day to day":tncreased its oxidation in the
body tremendously so that there was very little gain
in weight.

In other words,

showed that if a

~ubner

certain excess amount .of protein was given on one day,
there was an elevation. of the total metabolism, i.e
specific dynamic effect.

If, on the second day, the

same excess amount of protein was given as on the first
day, there was a greater rise in total heat production.
He called this the secondary specific dynamic effect.
Graefe says that this in reality lvxus consumption.
Graefe and rtraham (46) offered the following experiment as proof of their theory.

After a preliminary

starvation period of 14 days, they fed a group of dogs
a mixed diet and demonstrated a terrific increase in
the metabolic rate.
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Graefe believed that this luxus consumption depended
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on"the proper level of function of the thyroid gland.
Lu:x:us consumption does not continue to operate in dogs
after thyroidectomy.

Graefe felt that this relationship

of the thyroid gland and luxue consumption might serve
as a bridge between simple and endocrine obesity.
Helmreich and Wagner (52) studied the basal metabolism of normal children first on a maintenance diet
and later on an overnutrition diet {with an excess of
1200 to 1900 calories.)

They found that during the

period of overnutrition, the basal metabolism was appreeiably elevated, as follows:
.After excess f at-------6-18c(
After excess

sugar-----6-18~

After excess protein--14-25(
'

'

These values in children certainly look like luxus
consumption.

Helmreich believes that there is no abso-

lute level of basal metabolism, but that the metabolism
is a function of the condition of nourishment.

He be-

lieves that the cells establish their expenditures ao•
cording to their stored reserves.
Graefe's theory of luxus consumption did not prove
to be a very popular one.

The consensus of opinion,

according to DuBois (31), is that, while this theory
sounds very logical on paper, one experiment on dogs
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is not significant, and that the burden of further proof
must rest on the proponents of. this theor,r;.
wsk (69) concluded that the heat lo.es attributed
to luxus consumption is essentially the additional specific dynamic action of this extra foodstuff.
this "delayed specific dynamic effect."

He called

Krauss and Kup-

pers (64) concluded that chronic undernutrition could
depress the basal metabolism as much as

25~

below the

normal standard, and that. it takes fourteen days of excessive feeding to cause this depression to disappear.
They felt that Graefe's rise in me+abolic rate was in
reality a return to normal because he took

a~

his normal

rate, the B.M.R. as determined after the dogs bad been
starved for fourteen days.

Graefe (45) in his textbook

says of Krauss and Kuppers that they consider as pathological only such values as deviate from the normal
by a plus or minus

25~.

They do not report on the spec-

ific dynamic action of t.reir diets,

and conseouently

their work cannot be considered as significant.

It seems

to this writer that Krauss and Kuppers have hit on the
weak spot in Graefe's experiments, and he doesn't know
how to answer them.

Graefe says of Rubner that he can

call luxus consumption ndelayed primary specific dynamic
effeet" or any other term that he may choose.·
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Wiley and Newburgh (126) investigated the subject
of lu:xus consumption rather carefully.

They also point-

ed out tliat Graefe's experiments were done on starved
dogs, and that he took as his base line, the metabolic
rate as it had already been
undernutrition.

low~red

to comoensate for

They said that what Graefe called lux-

us consumption was in reality only a return of the metabolic rate to normal.

Newburgh studied a pathologic-

ally thin sub.1ect (heift.ht 6 1 ,2"--weip.:ht 124#.)

This

'
·subject
on a maintenance diet had a basal metabolic rate

of - 11.5( to -

8.0~.

When he was put on a super main-

j.:.enance diet for sixteen days, he gained 8.9

poun~s

an0 his bRsal metabolic rate rose to - 6.9( to - 4.13.
On a maintenance diet again, his weight returned to
124 pounds and his basa1 metabolic rate to - 10~.

New-

burgh feels that the slight increase in metabolic rate
can be attributed to tre increase in surface area, plus
the extra specific dynamic effect of the greater diet.
(fraefe (45) says of this work that Newburgh failed to
measure

the specific dynamic effect of his diet at all

and so cannot attribute his rise to it.

Also, Graefe

states he never claimed that luxus consumption could
explain.· all cases of obesity nor that 1 t occured in all
people.

Newburgh' s case cons.tituted the. exception tMt
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proved the rule.

Graefe also justifies his own figures

on the starving dogs by says that the high figures of

48 to

62~

after overnutrition are about

50~

above the

normal metabolic rate in dogs of like age and size.
Keeton and Bone (58) studied nine obese patients
on a reduction diet, checking their basal metabolic rates
weekly.

They found that all cases stayed within plus

or minus l01' ·or the normal figures.

Strang, McClugage,

and Brownlee (110) studied the probiem from the other
side, deterTfling the effect of forced feeding on the basal
metabolic rate in nineteen eases of severe malnutrition.
They found that on the average, the metabolic rate of
the group was plus 5( before the period of forced feeding and plus

3~

after this period.

not look like lu:xus consumption.
-

their patients, in which the

g~in

This certainly does
However in six of
in ·weight was in

ex~

cess of five kilograms, there was a distinct tendency
· for the metabolism to rise (from !57 .1 cal/hr initial to
61.1 cal/hr. final.)

These authors calculated that this

increase of four calories per hour corresponded to an
inc.rease in the B.M.R. of 7"/,, and that the surfaoe area
of these patients increased
however, was 22(.

8~.

The

wei~ht

increase,

Therefore Strang et al. feel that

these figures indicate that the increase in basal· meta-

r
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bolie rate parallels the surface area and not the increase
in body weight, and that the 1n·crease in metabolism was
no more that could be accounted for by the surface area.
Pence the principle of ,luxus consumption does not appear applicable to the basal metabolism.

The only extra

heat influence which was attributed to the excess food
intake was the additional specific dynamic action of
the excess food.

In other words, these authors agree

with I.usk.

-

Observations on Water Metabolism
There is another factor which plays an important
part in obesity.

The surplus weight cannot be put down

to fat without further

investi~ation.

Water makes up

a large part of the weight, and in every ease, its presence hampers up in estimating the actual fat tissue in
the obese person.

Water retention is a most hampering

problem in reduction cures on submaintenance diets.
Rubner (101) noted that in tissues only a portion
...

of the total water as determined by drying to constant
weight, was converted into ice when the tissues were
cooled to -20° C.

He contented that the water which

did not freeze was nbound" in the tissues.
of water was called "free"· water.
that it

WRB

The balance

When it was observed

impo$ sible to perdict the rate of loss of .

120

Metabolism
weight in an obese person on a nuantitative subcalorie
diet, man··· observers indicated that this uneven weight
lGss was due to water retention in the fat tissue.

New-

burgh and Johnston (85) showed that in a nonnal individual on a submaintenance diet of 1078 calories, with
a predicted weight loss of 95 grams a day, he actually
gained 115 gra.ms in the first five days of the diet.
As the low calorie diet was continued, this subject lost
weight more rapidly than the predicted weight after
the first five days so that at the end of seventeen
days, he had lost as much weight .ns predicted.
ther calculAtions on this

pat1ent~s

Fur-

day to da.y record

showed that each day's weight gain or loss could be accounted for by the preqicted weight loss plus (or minus)
the weight of the urine, stool, carbon dioxide output
and oxygen intake, and the insensible perspiration, 1.e.
I

}

the water and carbon dioxide lost from the skin and the
lungs.

Benedict and Root (9) also point out the sig-

nificance of this insensible perspiration.

They define

it as the gaseous emanations from the body which do not
anpear in the form of sensible moisture or sweat, 1.e.
ga.ees from the

from the skin.

lun~s,

and moisture and carbon dioxide

In the normal person, Benedict and Root

give the following composition to this insensible per-
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spiration.
a. 15( of all C02 lost from the body
b.

85~

of all water lost from the body.·

The normal rate of insensible perspiration is 25-40Ggrams
per hour.
Rowntree and Brunsting (99) report two cases of obesity in young women who failed to lose weip:ht on reduction
regiemes, but who lost weight rapidly on a reduction diet
plus dehydration therapy (with ammonium chloride, mer·salyl,
and restricted fluid intake.)
Wohl and 'Ettelson (129) studied this question of
water retention in obesity, and decided that in a large
percentage of obese cases, there was a definite tendency to store water.

These authors ran a Volhard dil-

ution test (1500 cc of water on an empty stomach and the
urine collected at hourly intervals for four hours) on
thirty-six patients all of whom were at least 10% overweight.

They found that 19( of these cases had a total

output at the end of the four hours that was greater than
1500 ec, 28( had an output at or about 1500 cc, but
53%
..
..

~-

'

.

had an output that was smailer than 1500 cc.

. '.

'!'he· aver-

age output of this last group was only 515 cc.
authors

~lso

•·

These

reccommended the use of the McClure and

Aldrich ·test for the detection of obese patients with
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a tendency to store water.

This test consists of the in-

jection of 0.2 cc of normal saline intradermally on the
flexor surfaces of the arms, inner surfaces of the thighs,
~luteal

region and on the abdomen.

If the wheal persists

for 60 minutes or longer, the natients were considered to
have a normal rate of water absorption.

Applying this

method to fifteen cases of obesity, the" found that:

4oot showed a rapid abs0rption with a decreased
excretion according to the Volhard ~Jethod.
40( showed a raoid absorption with a normal
excretion according to the Volhard Method.
20~

showed a normal absorption rate witt- normal
excretioy; accord_ing to the Volhard ~"etrod.

Malamund (73) reports on fourteen cases of obesity,
82~

of whom showed evidence of water retention after

a Volhard dilution test.

Brown and Kieth (16) report

that the blood and plasma volumes when compared to the
body weight are smaller in the obese than in the normal
person.

They compared three cases of obesity with an

avera~e

for normal cases.
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These authors suggest that smaller volumes might be
due to water retention in the tissues of the obese.
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Bartels and Blum (4), on the other hand, were unable to duplicate Wohl's results.

They ran a similar

Volhard dilution test (1500 cc of water with a dry breakfast, and collected the urine for four hours.)

They com-

pared normal, overweight, and underweight groups, with
the following results:
I
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Bartels and Blum concluded tha.t the obese subj eet showed not a water retention, but a tendency to have a sustained outp~'t: i~e~ tpe fourth hour output is greater
in the obese group.

However, the obese subject on a

reduction diet showed an even more irregular water output, due to upset water metabolism.
Bernhardt (11) concluded ·that there was no retention
of water in obesity because the specific gravity of fat
people is lower than that of normal persons, e.g. the
ease with which fat people float in the swimming pool.
Graefe (45) says that analysis of the fluid content of
fat runs all the way from

5~

to 71%.

The more pronoun-

ced the obesity, the lower the percentage of water.
Foster and Benninghoven (37) found that the water content
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of the carcasses of rats, in which they had produced obesity experimentally by puncture of the

~JJPOthalmus,

av-

eraged between 29 and 44%. while in the normal control
animals, the< average water content was 62 to 65%.
It is the opinion of the writer that as yet the ev1dence concerning water

re~ention

in obesity seems to

indicate that it is more important from a therapeutic
standpoint than an etiological one.

No evidence of its

role in etiology has been accumulated except the observation that in an individual who has recently become
obese, there is a higher

percenta~e

of water than in

the individual who has been obese for a lo_ng time.
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The classification of obesity is the most difficult
part of the subject.

As in the study of any disease pro-

cess, the classification is useful only as it helps us to
make a diagnosis of the variety of the disease process
with which we are dealing.

Only in this way can the treat-

ment-be applied in a scientific and logical manner.

As

a general rule, the most desirable type of classification
is based on the etiology.

However, in any disease in which

the etiology is only partially understood, such a classification is of little value.

Then we must fall back

on clinical classifications, etc. to tide us over until
the etiology is better understood.
So it is in obesity, in which, in spite of a great
deal of ·investigation, no clear idea of the etiology is
yet known.

Whether or nor, obesity represents a disease

process in itself or is only a symptom of underlying disease processes is not known.

While most of the modern

workers agree that obesity represents a disease of metabolism, most of their voluminous investigation on metabolism has demonstrated only that certain factors.of
metabolism such as the basal metabolic rate are not the
cause. of obesity.

No one has yet been able to demonstrate

successfully any metabolic factor which is the cause of
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obesity.

However this may be so only because our methods

and techniaues of studying metabolism· are limited.
chief method of

studyin~

metabolism

to~ay

The

is by the heat

output of the body determined by the respiratory gas exchange.

As yet no good laboratory procedures for the

study of enzyme action, the metabolism of .various tissue
cells· such as muscle, connective t1 ssue,. etc. have been
established.

Why could not a faulty action· or tissue

enzymes be postulated as a cause of obesi'ty
well as a faulty rate of heat production?

~'ust.

as

As yet we

know nothing of· the kinds of tissue enzymes and their
normal actions, let alone any idea of possible pathological action.

Therefore until some con st ant meta-

bolic or endocrine disturbance can be demonstrated to
be associated with obesity, we can set up no good classification of obesity.

However, we must work with the

material at hand, and attempt to set up some temporary
classification until such time as a permanent classification can be established.
Von Noorden (116) was the first to separate obese
patients into two groups on an etiological basis.

He

said that individuals became obese either because they
ate too much and exercised too little, or because they
had some alteration of metabolism which slowed up the
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rate of their metabolic processes, and allowed obesity
to develop.

He called the first group exogenous obesity,

and the second group endogenous obesity.

Now this was

a very useful classification and has become the classical type.

Some of the many authors who have followed

this classification are auoted below.
Gauss (41) furnishes a typical example of this type.
I Exogenous--due to too much food or too 11 ttle
exercise.
II 'Endogenous--associated with various endocrine
disturbances.
a. Hypotr-yro1d
b. Hypop1tuitary--Fr8hl1ch's syndrome.
c. Hypogonadi sm
d. Pluriglandular
e. Cerebral
1. Dercum's disease
2. Lipomatosis
Coombs (24) lists the same classification of obesity
but separates the lipomatosis into a separate group.
I Alimentary (exogenous)
II Endocrine (endogenous)
III Lipomatosis (localized accumulation)
Neither of these two classifications are of much
value to the clinician because they do not offer any
good method for determing to which class a particular
patient belongs.

Hunter (53) says that obesity should

be divided into two classes; one in which no organic
lesion can be demonstrated, and the other in which or-
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ge"nic pathology can be found:
I No organic lesion--hyperalimentation
II Organic Lesion--demonstrated by certain sym~
ptorn complexes.
a. Hypothalrnic--history of encephalitis,
hypersomnelence, lethargy, genital atrophy
b. Fr8hlich type--hyponituitary state
occurring in adolescents, characterized by obesity and geni+al atrophy
c. Suprasellar cysts--headache, blindness,
xray of sella turcica
d. Suprarenal--virilisrn, birsutism, muscular development
e. Dercum's ti.rpe--painful areas of fat,
progressive weakness and psychosis
f. Cushing' s type--pll1riglandular--florrid
face, purple striae and typical distribution of fat over the anterior
portion of the pody.
g. Myxedema--middle aged women, slow mentality, w0oden expression of the face,
dry hair, scaling skin, slow pulse,
low temperature.
Weber (123) gives much the same type of classification
but differentiates his types according to characteristic
fat distribution.
obesity--excesst¥e intake of food.
a. Plethoric form--generalized distribution
fat, healthy appearance, hemo. ~ :
120~
b. Anemic form--ei:eneralized distribution
of fat, which is edematous in aopearance, low hemo. ~
30~
II Endo~enous obesity--glandular disturbance
plus a lar~e appetite.
a. Hypotbyroid--generalized distribution
of fat, with a peculiar type of subdermal infiltration with fat pads at
ankles, neck, wrists, and nuchal areas
b. Abnormal pituitary--fat distribution is
limited to the middle oortion of the
body (breasts, abdomen~ buttocks, thighs,
and spindle fingers.)
I

Exo~enous

=
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c. Hypogonadism--trochanteric distribution
of fat.
d. Adiposis dolorosa--more or less localized accllmulations of fat with painful
areas in this fat.
e. Suprarenalism--fat is distributed over
abdomen, chest, face, associated with
hirsutism, and masculizing syndrome.
f. Pluriglandular--fat distribution is
atypical, but tends to follow the fat
distribution that is typical of the
ena~crine ~land that is most altered.
Bernhardt (11) believes this is a good method of
differentiating the types obesity.

He points out that

the different endocrine glands do not influence the subcutaneous tissues of the-whole body in the same degree.
The thyroid is more active in the upper parts of the
body, the gonads are more active in the hips, girdle
and lower extremity.

This phenomenon is a remnant of

the original metameric structure of the body.

Barr (3),

on the other hand, points out that this system falls
down because the so called "girdle" type of obesity is
found in either pituitary or

hypot1~,a1mic

lesions.

This

particvlar objection may be answered on the basis that
tbe so ca 11ed "pituitary'' obesi tv may be due to pressure
on the hypothalmus, as pointed out by Mazier and Goldstein (78).

Graefe (45) too says that fat distribution

is useful in only about 20"t of the cases in which the
obesi t'T is typical and sharply defined.

r-~
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Many other authors have modified von Noorden's original classification somewhat.

-Trey believe that obesity

should be divided into three great classes, instead of
two.

Typical o:' this group is McLester (79).
I Alimentary obesity
a. Hereditary tendency
b. Failure of the pody mechanism which
prevents obesity in the normal nerson
II Constitutional type--altered metabolism
a. Respiratory quotient indicates that
obese person burns fats less readily
than normal
b. Decreased specific dynamic effect of
protein.
III Endocrine obesity
a. 'Dercum's disease--nituitsry-thyroid
disease
b. Dystrophica adiposa genital1s--Fr8hlichs Syndrome
c. Hypothyroid condition
d. Hypogonadism
e. Pineal and suprarenal glands
f. Lipomatosis
Lambie (65) p:ives the same classification with a

little different wording.
I Developmental--heredi tary cfues.1 ty
II Nutritional--wholly acauired
III Metabolic--constitutional (Both hereditaJ'y
and acquired. )
, " 1
a. Endocrine
b. "'Teurogenic
c. Neuro-endocr.ine
Newburgh and Johnston (85), the great ex?onents of
the purely

exo~enous

nature of obesity, have classified

this condition acc·ordinp: to appetite.
I Perverted !'labit.--.persr)ns who overeat because
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a Neglect stimulus of feeling satiety
b Trained to overeat by obese parents
c Nervous, weak willed persons--like
chronic alcoholics
II Decreased activity--persons in which food
habits have become set to a certain level
of activity, ~na ·who continue to eat the
same amount of food in spite of lowered
energy reauirement.
a Occupation reauiring less energy
b Lowered basal metabolic rate because
of hypothyroidism and other endocrine
disturbances.
Rony (95) believes that all forms of obesity depend on a constitutional tendency and classifies them
accordingly.
I True obese person--one who who maintains
an increased weight and continues to mein"'."
tain it except for incidental loss due to
diseas~ or undue strain, and in whom the weight
is restored to normal obese state when conditions are restored to normal.
a. Dynamic...;-in which there is ? tendency
to gain weipht. This phase is most
active iu st after reduction of weight
due to a restricted diet.
b. Static--no tendency to gain in weight.
II Masked Obes1.ty--persons who maintain a normal
weight by artificial means such as 11 ving on
a restricted diet.
III Pseudo 0besity--persons who are overweight
temporarily due to forced overnutrition and limited exercise.
Bernhardt (11) who believes that the development
of obesity depends on the failure of a fat regulatory
center in the hypotbalmus, offers this classification.
I Obesity as the result of primary disturbance
of the central regulation of metabolism
a. Pure cerbral forrn--encenhalitis, tumor

r- !
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b. Pure pituitary disturbances
c .. Mixed form
II Obesity as a result of secondary func+.ional
disturbances of the central regulation of
metabolism.
a. Endogenous factors
1. D1sturbonees of general behavior-hunger, thirst, activity.
2. Disturbances of endocrine srlands
(a) Single p:lands--thyroid,
ponad, adrenal, pancreas
pineal
(b) ~luri~lanfu1lar disease.
3. Disturbances of the periphery-primary lipogenic tendency of
the tissues.
b. Exogenous factors
1. Overeating
2. P,ruscular inactivity
3. Mixed forms.
Some authors have classified obesity in relationship to age of onset.

Tidy (113), Engelbach (35), and

Christie (23) are the chief supporters of this group.
Christie's classification is as follows:
I Infantile
a. Exogenous
.
.
b. Hypothyroid (cretonism)
II Juvenile
a. 50~ pituitary or thyropituitary
b. 50( endoe~-·1ne inbalance of temporary
nature.
III Adult
a. 90" exogenous
1. Men--after marriage, after prosperity
2. Women--after growth stops, after
pregnancy
b. 10~ endogenous--hypogonadism, pluriglandular disease.
In writing this paper, this author has been struck
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with the necessity for some laboratory procedure that
could be applied clinically and that would aid in the
treatment of the patient, even if it did not give a clear
indfcat1'on;:as to the etiology of the obesity.

John (55)

had some such idea in mind when he separated obesity into
exop:eno,,s, endogenous, and constitutional on the basis
of the metabolic rate.
I

Exo~enous obesity--normal B.M.R. with obvious
hyperalimentation
II Endogenous obesity--decreased B.M.R. This
may be due to hypofunction of the thyroid,
pituitary, or gonads.
III Constitutional obesity--decreased diet causes
no loss of weight, with normal B.M.R.

Kern (59) supports this type of classification.
Haussleiter (51) divides endogenous obesity into three
types: normal, elevated, and decreased basal metabolic
rate.

This classification is not sound because as Wohl

and Ettelson (129) found, the. distribution of the cases
of obesity in the various percenteges of the B.M.R. is
so irregular and inconstant as to be of no use in determining the etiology of the condition.

Rony (95), Strang

and vvans (108) pointed out that the B.M.R. was always
elevated in the obese when calculated on the bi::isis of
the active tissue, considering fat tissue to be inactive.
Bernhardt (11) in studying the resniratory quotient
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in obesity found that there were two classes.
I Elevated R. Q,.--in these patients, there was,
a marked tendency to spare fat tissue and
so gave a bad prognosis as to the loss of
weight
II Normal or low R.Q.--good prognosis for losing weight.
This might be a useful test, but too many authors
( Hagedorn, Holten and Johansen (49), Wang, Strouse, and
Saunders (119), Lyon, Dunlop, and Stewart (71), and DuBois (31) ) have shown that the average respiratory
auotient was lower than normal in the obese.

~ly

in a very small percentage of the cases was it elevated
sufficiently to make this test of any significance.
Wohl (128) points out that in some cases of obesity
there is a tendency to store water.

By means of the

McClure-Aldrich test, which consists of the intracutaneous injection of

0.8~

sol'n of NaCl in the flexor

surface of the forearm, inner surface of the thigh;
gluteal region, and abdomen, and noting the rate at
which the wheal tends to disappear, an indication of
the tendency of any case of obesity to store water can
be determined.

When the wheal persists for sixty min-

utes, no increased tissue avidity for water exists.
Wohl reports on fifteen cases in which

80~

of them

showed an increased rate of absorption of water.

Why,
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then cannot we classify obesity thus:
I With Water Retention
II Without Water Retention
This is a. very simple clinical test and might prove
verv valuable.

Those patients with a tendency to store

water woul.d be treated by a reduction diet plus a restricted fluid and salt intake.

Newburgh and Johnst0n (85)

report on several cases of obesity treated in this way
in which they could predict the weight loss per day.
This might explain also many cases of the so called
constitutional obesity who fail to lose weight on a reduction diet for a time.

Newburgh believes that all

constitutional cases represent only water retention.
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SUMMARY
From a review of librarJ_material covering the literature of the past three decade· on the subject of obesity,
the f

o~ lowing

facts pertaining to the etiology, metabolism,

and classification may, be summarized.
l.· Obesity is always the result of a positive energy
bala.nee whether this be predolBinantly due to exogenous or endogenous fact.ors •.
2. Exogenous and endogenous factors are so intimately related that no aiven case of obesity can be
classified as due to one or the other.
3. Certain cases can be assumed to be predominantly

exogenous, i.e. those due to

~vereating,

lack of

exercise or both.

4. Certain other cases can be assumed to be predominately endogenous, i.e. those with some evidence of
obscure internal disease.

This class includes

hereditary, endocrinopathy, and central nervous system. disturbances which factors probably control body
weight by influencing the appetite, feeling of satiety, and bodily activity through some interrelated
mechanism of control.

5. Studies of the metabolism indicates that as yet
no consistent metabolic disturbances, as determined
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Summari
by our present methods, have been demonstrated in
more or less constant association with obesity.
a. B.M.R.--the vast majority o.f cases of obesity fall within normal limits as far as basal metabolic rate is concerned.

The disturb-

ance of basal metabolic rate is rare and inconstant finding in obesity.
b. '!be obese group is less efficient as regards muscular work.

No evidence can be de-

monstrated for the so called "muscular economy" of the obese.
c. Specific Dynamic Action--many obese persons
show a slight depression in the specific dynamic
effect'of protein, but this is not sufficient
to account for the development of obesity.
d. Respiratory Quotient--the obese person
;

manifests a lower R.0. than the normal.
f

This

may mean an increased tendency to store carbo-

I

hydrate.

More likely, it indicates only that

the obese person bas a greater store of fat
on which to live.
e. ll.lxus Consumption--t.he theory of luxus ·conaumption remains a theory appearing very logical
on paper but unsupported by experimental evidence
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except by Graefe.
f. Water Metabolism--probably water retention

in obesity is due to an altered metabolism as
the result of a reduction diet.

Water reten-

tion is probably not important in the development of obesity.

6. Regarding classification• the division into exogenous and endogenous is is an artificial and dogmatic one, unsuited to clinical application because
the vast majority of cases fall in the middle zone
being neither entirely exogenous and endogenous

7. Better than the above, is an attempt to classify
obesity on a functional basis, similar to the functional

classification of heart disease.

This type

of classification is reocommended only as a temporary measure until such.time as the etiology and
metabolism of obesity can be better understood.
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